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B. Ceetnos — renepantubi KoHCTpykTop MKB “®aken” 


MALWMHOCTPOUTESIBHOE KOHCTPYKTOPCKOE BHOPO “®AKEN” UMEHM AKAQEMMKA 1.0. TPYLUMHA 
FAKEL ENGINEERING DESIGN BUREAU NAMED AFTER ACADEMICIAN PYOTR D. GRUSHIN 


AWMHOCTpoMTeNbHOe KOHCTpyKTOp- 
ckoe 610po “Maken” Bowno B ucTO- 
pio pakeTHOl TeXHUKH He TONbKO 
Kak Co3qaTenb ny4wMx B MMpe 3e- 

HMTHBIX ynpaBnaembix paket (3YP), KoTO- 

pble nepsbiMM B MMpe YHUYTOKKNK BO3- 

AYWHOTO NpOTHBHHKa B peanbHbIx 6oesbix 

YyCNOBURAX, HO M KaK Npe”npuatue, KoTOpoe 

nepsbim B Mupe: 

= cO3qano TexHoONorMM npou3BogcTea 
3eHUTHbIX ynpaBReMbIx paket, onMpaBUiM- 
eca Ha MCnonb3oBaHMe HaMGbonee OcBOeH- 

HbIX KOHCTPYKUMOHHbIX MaTepHanoB M Ha 

BbICOKONPOMSBOANTeENbHBIE MeTOAbI Mx 

o6pa6orkn; 

— BHeAPMNO B BOUCKa pAA yHudnuMpo- 

BaHHbIX O6pa3yoB pakeTHoro opyxKuA, 

WAeHTHYHbIX NO KOHCTpyKyMH; 


Bnagumup [puropbesny Ceetnos 


Ponwnca 16 anpena 1935 r. 8 Mockae. 3akon4nn MBTY wn. Baymana (1958 r.), Mucraryr yn- 
PasneHia HapoaHbim xo3Aficraom Akagemmu Hapoanoro xoaniicrsa CCCP (1981 r.). 


— MpeTBOpMAO B KH3Hb KOHYeNYMIO ra- 
PaHTMpoBaHHOW HaAexKHOCTH NpH aKCNAy- 
aTauMn paker. 

MawnvoctpoutenbHoe KOHCTpykTop- 
coe 6i0po “Maken” (go 1967 r. - Oco6oe 
KOHCTpykTopcKkoe 6iopo N2 2) 6bino co3pa- 
Ho 20 HoA6pa 1953 roga NoctaHosnennem 
Coseta Munuctpos CCCP u ctano nepstim 8 
Hawei cTpaHe cneynann3mposaHHim 
npeanpnatnem, paspabarbisaiounm 3eHMT- 
Hole ynpasnnembie pakeTti. C MomeHTa OC- 
HOBaHMA NpeANpHATHA HM B TeYeHHe 38 NeT 
WM PYKOBOAMN BbINAIOWMCA pyCCKKi HH 
eHep, yueHbii, akageMuK, OCHOBaTenb 
WKONbI 3EHMTHOFO pakeTocTpoeHna Metp 
Amutpwesuy [pyuink, 4bA ruraHTcKaa no- 
ABMxKHMMeCKaR paboTa — BbiqaiouMiica 
npumep cayxkenua Orevectay. 


€ 1958 r., nocne okoHYanHa MBTY wm. Baymana, paboraet 8 MKB “®axen” 8 aomaHocTH mac- 
Tepa, MHKeHepa, CTapiliero M BeAYU\erO MHKeHEpAa-KOHCTPyKTOpa , HAYANHMKA Wexa, MaBHO- 
TO MHKeHepa, MaBHoro KOHCTpyKTopa. C 1991 r. reHepanbHbili KONCTPyKTOP ~ pyKoBoaMTenb 
MKB “axen”. Nocne npeo6paaosanun npegnpHaTua 8 oTKpEITOe aKyWONepHOe O6WIeCTBO ~ 
revepanbHuil KOXCTpykTOp npeanpusrua OAD “MawmnocrpouTensHoe KOHCrpyKTopcKoe 610- 
po “@axen” um. akanemnxa Mf. [pywnna”. 

KOHCTpyKTOp PakeTHOM TeXHMKM, YWeHBIl, CneKMANHCT B OGNACTH MexaHNKH CneyManbHorO 
BOOpYMeHWA. PyKOBOAHTeNb K YYACTHNK paapaBoTKM M MCrITaHMA pakeTHEIX KOMNAEKCOB, 
AsTop Hay¥HbIx TpyAo8 W Ha06peTeHMA no npoGneMam CoagaHHA M COBEpWEHCTBOBAHUR pa- 
KeTHOM TeXHHKH, aBTOp MOHOrpADMii M yYEGHLX NOCOBMA ANA By308, YneH aBTOpCKOrO KON- 
nekTWaa M peflakTop yeGHHKa ana By308 “NpoeKTMpoBanie 3eHMTHLIX ynpaBNREMbix paKeT”, 
SbINyWeHHOrO AeyMA MaRaHMAMM. 

Dokrop texnnveckwx Hayk (1995 r.), npocbeccop (2000 r.), naypear focynapcreennoit npe- 
mun CCCP (1980 r.), focygapcreennoi npemnn P® (1997 r.). 


Beegenne 


akel Engineering Design Bureau has 

become a part of the missile engi- 

neering history not only due to its 

best in the world AD missiles, which 
were the first to destroy flying targets in 
real combat conditions, but also due to the 
fact that it is the first in the world enter- 
prise to: 

- apply the AD missile production 
technologies using the most popular and 
tested structural materials and highly effi- 
cient methods of their treatment; 

— introduce into service several unified 
types of similarly designed missile 
weapons; 

— put into practice the concept of guar- 
anteed reliability in operation of missiles. 

The Fakel Engineering Design Bureau 


Vladimir Svetlov, General Designer 


was set up on November 20, 1953, under a 
Decree of the Council of Ministers of the 
USSR and became the first special-purpose 
enterprise in our country dealing with the 
development of AD missiles. Within the 
first 38 years of its existence Fakel was 
headed by Pyotr D. Grushin, an outstand- 
ing engineer, scientist, academician, a 
founder of a school of AD missile engi- 
neering, whose arduous and selfless work 
became a bright example of a man’s 
service to his Motherland. 

P. Grushin formed the collective of the 
enterprise, which in no time became the 
world leader in the development of AD 
missile systems. Nontraditional approach 
to achieving the most complicated R&D 
and engineering tasks, courageous and 


Vladimir Svetlov 


Vladimir G. Svetlov was born on April 16, 1935 in Moscow. He graduated from the Bauman 
Moscow State Technical University (Russian acronym MVTU) in 1958, and from the Institute 
for National Economy Management of the USSR Academy of National Economy, in 1981. 
Upon graduating from the Bauman University in 1958, Vladimir Svetlov worked at the Fakel 
Engineering Design Bureau as a supervisor, engineer, senior and leading design engineer, 
shop manager, chief engineer, chief designer. Since 1991, Vladimir Svetlov has been the 
General Designer and the Head of Fakel. Since the time when the Design Bureau became an 
open joint stock company, Vladimir Svetlov's official title has been General Designer of the 
Fakel Engineering Design Bureau named after Academician Pyotr D. Grushin, 

Vladimir Svetiov is a missile designer and a scientist conducting research in the field of 
mechanics of special weapons. He supervised and personally participated in developing and 
testing several missile systems. Vladimir Svetlov is an author of publications and inventions 
related to the issues of developing and upgrading missiles, an author of monographs and 
textbooks for higher education institutions. 

Professor Vladimir Svetlov is a Doctor of Engineering (1995), a Laureate of the State Prize 
of the USSR (1980) and State Prize of the Russian Federation (1997). 
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flog pykosogcreom 11). Ipywuna Goin 
CopmuposaH KonnekTHs npeanpnatua, 
craswero 8 KpaT¥aiwHe CpokH MupoBbim 
AMBepOM B CO3AAaHMM 3eHTHON pakeTHOH 
TexHMKH. HeTpagnuMoHHble nogxogel K pe- 
anwazaynn CnoxkHenWHXx Hay4Ho-TexHMyec- 
KX M KOHCTPYKTOPCKMX 3afa4, CMenocTb M 
OpHrMHanbHOCT’ NpMHMMaeMbIx peweHHii, 
O60CHOBaHHOCTb M NpOAyMaHHOcTb Bcex 
3N@MeHTOB paket — BOT CTMNb paboTbI co- 
TpyaHuKkos “Makena”, 

Mpaktwyeckn Kaxkjan 43 paspaboraH- 
HbIX 3CHMTHDIX pakeT ABAANACh 3NOXON B 
Pa3BHTHH H COBepweHCTBOBAHMH 3TOFO BH- 
Aa TEXHUKH. 

Bcero 3a spems cywectsosaHua npep- 
Npuatna Ana Bolick npoTMBoBO3qyWwHOR 
O6opoHsi, CyxonytHbix Bouck w BoeHHo- 
Mopckoro dnota 6bino co3qaHo 23 Tuna 
PakeTHoro opykwA M npoBepeHo cebiwe 
30-Tw wx MofepHH3ayni. 

Paketam, co3qaHHbim “Makenom”, npu- 
HaANe KUT MMpOBO NpHopHTeT B YHHYTO- 
EHH NepBbIX PeanbHbIx BOSAYWHbIX NpO- 
THBHHKOB. Mmm Cran BbICOTHBIA CamoneT- 
pasBequnk, COuTbIM 7 oKTABpA 1959 ropa B 
He6e Haq Kutaem, 4 nepsan 6oeronoska 
Gannuctuyeckon paketbi anbHero geiicT- 
BMA, YHAYTOKeHHAaR 4 mMapta 1961 roga. 
Tpomkyo w3BecTHOCTb nony4uno yHHuTO- 
oxeHve pakeTod “®akena” amepukaHcKoro 
Camoneta-passequuka “Jlokxua” U-2 
(c nunotom Mpancucom May3spcom) 1 man 
1960 roga 8 paione Ceepanoscka. 

Paspa6oraHHbie Ha npeanpuatun 3e- 
HMTHbIe ynpaBAAemble pakeTbi HAXOAMNMCh 
W HaxOMATCA Ha BOOpyKeHMM 60-TH rocy- 
Aapcre mupa: Poccuu, Asep6aigxana, An- 
6aHuu, Ankupa, Axronti, Apmenun, Adra- 
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Huctaxa, Benopyccuu, Bonrapun, Bockuu 
fepyerosuusi, Bexrpnu, BeetHama, fepma- 
Hu, Tpeynn, Ipy3uu, Erunta, 3am6un, WH- 
Anu, Vegoe3uu, Mopgaknn, Vpaka, pa- 
Ha, Memena, Kazaxcrana, Kamnyumn, Kun- 
pa, Kupru3uu, Kutas, KH{IP, Ky6bi, 
Kyseiita, Jlaoca, Jlarsmu, Senn, Jinrebi, 
Makegoumu, Manu, Mo3am6uxa, Mongasun, 
Moxronuu, Nakuctaka, Nepy, Nonbwn, Py- 
mpinn, Cep6un w YepHoropuu, Cupun, 
Cnosakuu, Cnosenun, Comanu, Cygana, Tag- 
>KMKMCTaHa, TaH3aHMn, TypKMeHHu, Y36eKn- 
craHa, Ykpawubl, Ounnangquu, Xopsatuu, 
Yexnu, Icronun, Ipmonun. 

B soiHax W NOKaNbHbIX KOH(AMKTAX B 
'Oro-BoctoyHoi A3Hm 4 Ha BauxkHem Boc- 
Toke, B Adpuxe # Espone atmmu paketamu 
Gbino c6uTo HECKONbKO TbICAY CamoneToB, 
4TO COXPAaHHNO KH3Hb COTHAM TBICAY MHD- 
HbIx KMTeNeH. 

Bbiqaiouniica sknag MKB “®aken” 8 
Co3fanue BbicoKO3sdppekTHsHeix o6paszyos 
PakeTHoro Opy:xKMA OTMEYEH BEICWMMH ro- 
Cy@apcTBeHHbiMn Harpafamn — opgeHoM 
Jlenmna (1958 rog) 4 opgexom Oxta6pe- 
ckoi Pesonioynn (1981 roa). 

B Hactonwee spema K Yucny Han6onee 
acpekTHsHbix 3eHuTHbIX CpeacTB Poccnii- 
CKOM apMMH M qpnoTa OTHOCATCA CO3qaH- 
ble “Makenom” pakeTbi: 

— ANA 3eHMTHBIX pakeTHbIx CHCTeM 
(3PC) soiick NBO - C-300N, C-300NM u ux 
mognduKaynu; 

— ANA CHCTeMbI NpoTHBOpaKeTHOH O60- 
PoHbI Mockosckoro npoMbiineHHoro paii- 
Ova — A-135 Bouck PakeTHo-KOCMMYecKon 
o6opoxti (PKO); 

— ANA 3eHWTHO-pakeTHbIx KOMNNeKCOB 
CyxonytHbix Bolick — “Top” 4 “Top-M1”; 


nontraditional concepts, perfect substan- 
tiation for all elements of missiles — this is 
the style of work of the Fakel personnel. 

Almost every AD missile developed by 
the enterprise symbolized a new era in 
development and modernization of this 
type of weapons. 

During the period of its operation, the 
Fakel Engineering Design Bureau has 
developed 23 types of missile weapons 
and carried out more than 30 moderniza- 
tions of missiles for the Air Defense, the 
Army and the Navy. 

The Fakel-developed missiles were the 
first ones in the world to engage real air 
targets: a high-altitude spy aircraft was 
downed on October 7, 1959, in the airspace 
of China, and the first long-range ballistic 
missile warhead was destroyed on March 4, 
1961. The destruction of the American 
Lockheed U-2 spy aircraft (piloted by 
Francis Powers) by a Fakel-designed mis- 
sile on May 1, 1960, in the area of 
Sverdlovsk became a well-known event. 

The AD missiles developed at the 
enterprise were and still are in service with 
the armies of 60 countries worldwide, 
including Russia, Azerbaijan, Albania, 
Armenia, Belarus, Georgia, Kazakhstan, 
Kirghizia, Latvia, Lithuania, Moldova, 
Turkmenistan, Tajikistan, Uzbekistan, 
Ukraine, Estonia, Albania, Hungary, 
Bulgaria, Bosnia and Herzegovina, Greece, 
Germany, Cyprus, Macedonia, Poland, 
Romania, Serbia and Montenegro, Slovakia, 
Slovenia, Finland, Croatia, the Czech 
Republic, Afghanistan, Vietnam, India, 
Indonesia, Yemen, Jordan, Iraq, Iran, 
Kampuchea, China, People’s Democratic 


Republic of Korea, Kuwait, Laos, Mongolia, 
Pakistan, Syria, Algeria, Angola, Egypt, 
Zambia, Libya, Mali, Mozambique, Sudan, 
Somalia, Tanzania, Ethiopia, Cuba and 
Peru. These missiles have been employed 
in wars and local conflicts in the Middle 
East, South-East Asia, Africa and Europe; 
they have destroyed several thousand air- 
craft, thus saving the lives of hundreds 
thousand peaceful inhabitants. 

For its great contribution to the devel- 
opment of highly efficient missile 
weapons, the Fakel Engineering Design 
Bureau was awarded the highest state 
awards — the Order of Lenin (1958) and the 
Order of the October Revolution (1981). 

Nowadays, the following Fakel-devel- 
oped missiles are among the most effi- 
cient AD means in service with the Russian 
Army and the Navy: 

— S-300P, S-300PM and their modifica- 
tions - designed for AD missile systems of 
the Air Defense Forces; 

~ A-135 antiballistic missiles of the 
Aerospace Defense Missile Forces for the 
ABM system of the Moscow industrial 
region; 

— missiles for Tor and Tor-M1 AD sys- 
tems in service with the Army; 

— missiles for Rif, Rif-M and Klinok AD 
missile systems in service with the Navy. 

These missiles embody the advanced 
achievements of missile engineering, as 
well as the principle of combination of 
research and top design concepts with 
modern technologies and achievements in 
the sphere of science of materials that is 
typical of the Fakel Engineering Design 
Bureau. 
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— Ana KopabenbHeix 3PC u 3PK - “Puc”, 
“Pud-M”" 4 “KnnHOK”. 

B aTwx pakerax BonnoweHb! HauGonee 
Nepegossie AOcTWKeHMA pakeTOCTpoeHHA, 
peanu30Ban xapakTepHbii ana MKB “®a- 
Ken” npwHuywn coveTaHMA Hay4HbIx Hccne- 
AOBaHM MW MH)KeHEpHbIX PpeweHHi BbICO- 
Yaiiwero ypoBHA Cc McnoAb30BaHHeM Co- 
BPEMEHHBIX TeXHONOrMA WM AOCTHKEHHI 
Matepwanosenenna. 

Cefivac 8 MKB “®aken” nposogatca 
Hay4HO-MCCnegoBaTenbcKMe M OnbITHO- 
KOHCTpykTopcKve pa6oTb no co3faHuio 
3YP HoBoro NokoNeHMA, B TOM 4uCne HANA 
cuctembl C-400, KoTopbie 6yayt BecTH 3qp- 
(pexTuBHyio Gopb6y co scemu cywectsyio- 
UMMM MW NepcnekTHBHEIMK BUZAMH CpeACTE 
BO3AyWHOrO HanageHMA. 

XapaktepHoi 4epToi cruna CeroqHAw- 
Hei paborbt MKB “Maken” asnaetca o6ec- 
neveHve rapaHTMposaHHow HaqeyKHOCTH 
npopykumn. Pakerei, cozqattble Ha npea- 
npwatuv, He TpebyioT o6cnyxkuBaHnA B 
TeyeHne BCerO rapaHTMiHOrO CpoKa npn 
aKChayaTayMu B MO06bIx KNMMaTHYeCKHX yC~ 
nosuax, ITO AOCTUrHYTO 3a CueT MCNONb30- 
BaHuA HanGonee nporpeccuBHbIx TexHOno- 
Twit W3roTOBNeHMA W BCeCTOpOHHeli HazeMm- 
Hoi otpa6oTkKH pakeT Cc npMmeHeHnem 
YHUKanbHBIX MeTOAMK Ha MHOrOdyHKYHO- 
HanbHOM McnbiTaTenbHoM KOMNAeKCe. 
Cpeactsa 3Toro KoMnnexca, ceptudmunpo- 
BaHHoro foccraHpaptom P® u “O6opoH- 
CcepTupuKok”, no3sBONAWT MpoBOAMTb 
19 supose ucnbiTaHMi: CraTMYeCKHxX, AMHa- 
MUYECKHX, TENNONPOYHOCTHIX, paqnoTex- 
HUYECKHX, KMMATHYeCKMX MK NPOUMX, B TOM 
4ucne WB YCKOpeHHOM pexkume. 

3Ha4uTenbHoe MecTO B CTpykType 
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NpeANpHATMA 3aHMMaeT ONbITHOe NPOH3- 
BOACTBO, KOTOPOe OCHaLeHO BCeEM Heo6xo- 
AMMbiM O6opyqoBaHneM, CTaHKamu, nabo- 
PaTopuwamu, a Take Bhagewmujee PAAOM 
nepejosbix TexHonormi. Cpeau Hux TexHO- 
NOFMM: NONYYEHMA TOHKOCTEHHbIX KPyNHO- 
ra6apwTHblx KOHCTpyKuMA np nomowH 
WTAMNOBKH B3pbiIBOM; HaHeECeHMA METOAOM 
MMKPOAyrOBOrO OKCHAMPOBAaHHA YHMKaNb- 
HbIX MO M3HOCOCTOMKOCTH 3alMTHbIX No- 
KpbiTnit; BbICOKOTONHOFO tpaconHoro JMTbA 
W3 YEPHbIX W WBETHbIX META/IIOB M CNNaBOB, 
B TOM 4MCNE HM M3 THTAHOBbIX CNNABOB; Na- 
3epHon ceapKu, o6ecneynsaiowen co3qa- 
HW BbICOKOHAAEKHbIX CHOMHbIX KOHCTPyK- 
unit W3 pa3NM4HbIx MeTAaNNOB W CnnaBoB; 


Currently, the Fakel Engineering 
Design Bureau experts are engaged in R&D 
work aimed at the development of a new 
generation of AD missiles (including the 
ones for the S-400 system), which will be 
very efficient against all existing and per- 
spective types of air attack means. 

Guaranteed reliability of products is a 
characteristic feature of the Fakel 
Engineering Design Bureau's current 
activities. The missiles that are designed 
and developed at the enterprise do not 
require maintenance throughout their 
entire service life in any climatic condi- 
tions. Such reliability is achieved due to 
the implementation of the advanced tech- 


nologies, application of the unique me- 
thods at versatile ground testing facilities 
when manufacturing and comprehensively 
testing the missiles. This testing system 
has been certified by Russia's State 
Standards and the Oboronsertifika agency; 
it allows carrying out 19 types of tests 
such as static, dynamic, heat-resistant, 
radio engineering, climatic and others, 
including the accelerated ones. 

The pilot production facilities occupy 
an important place in the structure of the 
enterprise comprising all necessary equip- 
ment, machines and laboratories. The 
advanced technologies that are imple- 
mented there include: manufacture of 
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Mpus “3a xavecmao” 
(Mlopux, 1996 2.) 


Golden International 
Europe Award 

for Quality 

(Paris, 1996) 


POTAUMOHHON BEITAKKK ANA M3rOTOBNEHHA 
TOHKOCTEHHBIX UMAMHADMYECKHX M KOHMYE- 
CKMX QeTaNel W3 BbICOKONPOUHbIX Crane MW 
ANOMMHMeBbIX CNNABOB; M3roTOBNeHMA pe- 
Taneii m3 HemeTannM4ecknx MaTepwanos C 
NOMOUbIO NPeCCOBAaHMA, NUTbA M ABTOKNAB- 
Horo BakyyMHoro chopmupoBaHua. 

Kpome Toro, 8 nocneqHve ropbl Ha 
NpeAnpwaTHn Co3pakbl, H3roTOBAeHbI H MC- 
NbITaHbI ONbITHbIE O6pasyb! pasnM4HoA 
NpoAyKunn rpaxkpancKoro Ha3HayeHna. 
To W yHuBepcanbHble 6biToBbie AepeBoo6- 
paGatbiBaioune CTaHKM, M MeAMYMHCKOe 
o6opyfosanve, Ocobyo u3eecTHOCTb no- 
AY4HNH BbINyCKAeMbIe CeEpHAHO MaLIKHb! 
ANA PUHMWHOM OTAeENKH TKaHeM B TeKC- 
THAbHOM NPOMbILINeEHHOCTH. 

Poccwiickan akagemua Hayk, Mpasn- 


Pakete! “Makena” 


Npus "3a Kommepyeckud 
npecmum” 
(Madpud, 1996 2.) 


International Award 
‘for Commercial Prestige 
(Madrid, 1996) 


TenbcTB0 P®, Toproso-npombiuineHHaa na- 
Nata P®, Poccnicknit cow3 npombiuineHHH- 
KOB H NpeanphHumatened, PouA passuTHA 
“Tpetbe TbicayeneTve” 3a BbiqalouMiica 
BKNaq B COWWANbHO-IKOHOMM4ECKOe pa3- 
suTHe Poccmm npHcyaMan npeanpHaTnio 
npw3 “Poccwickna HaymoxanbHoiit Onumn” 
3a 2002 rog. 

3a BbICOKMe AOCTWKEHMA NpeANpHATHE 
TakoKe OTMeYeHO MexKAYHAPOAHbIMM Harpa- 
Aamu. OT Kny6a nvgepos Toprosnu 3To — 
npw3 “3a Kayectso” (Mapwx, 1996 rog) wu 
npw3 “3a KoMMepyecKHi npectwxK” (Mag- 
pug, 1996 roa). Or Accounayun copeiicr- 
BMA NPOMbIWNeEHHOCTH NonyYeHa “ZonoTaR 
megane” (Mapwx, 2000 rog), ot Beicwero 
MKenesckoro Unctutyta Bu3xeca — “3ono- 
Tow MeganboH” ()KeHesa, 2001 ron). 


Mpus “Poccuticud 5 
Hoyuonaneneid Onumn” 
(Mockea, 2003 2.) 
Russian National 
Olympus Award 
(Moscow, 2003) 


thin-wall large-size constructions by explo- 
sive forming; employment of microarc oxi- 
dation technology for producing unique 
wear-resistant protective coatings; high- 
precision ferrous, nonferrous and alloy 
shape castings, including the titanium 
alloys shape casting; laser welding, which 
allows producing highly reliable complex 
constructions out of various metals and 
alloys; rotary drawing for manufacturing 
thin-wall cylindrical and conical compo- 
nents from high-strength steel and alu- 
minum alloys; manufactute of components 
from nonmetal materials by extrusion, cast- 
ing and autoclave vacuum moulding. 
Besides, the enterprise has currently 
developed, manufactured and tested pilot 
items of civil-purpose products, including 


versatile household wood-working machi- 
nes and medical equipment. The mass- 
produced fabrics finishing machines for 
the textile industry have become excep- 
tionally popular. 

For its major achievements, the Fakel 
Engineering Design Bureau was awarded 
several prizes. They include the Award for 
Quality (Paris, 1996) and Award for 
Commercial Prestige (Madrid, 1996) from 
the Trade Leaders Club, the Gold Medal 
(Paris, 2000) from the Industry Assistance 
Association (Societe d’Encouragement pour 
(Industrie Nationale — SPI), Gold Medallion 
(Geneva, 2001) from the Graduate Institute 
of Business and Management in Geneva 
(INSAM) and Russian National Olympus 
Award (Moscow, 2003). 


Fakel’s Missiles 
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PYOTR D.GRUSHIN 
General Designer 


ytb Netpa IpywuHa k KOHCTpyKTop- 
CKO CnaBe 6bin AONruM u Henerkum. 
He6onbwoh sonxcKkni ropogoK 
Bonbck, 8 KOTOpOM OH pogmnca 
15 aHBapa 1906 roga, Hu4em He 6bin 3Ha- 
ment. B Hayane Beka B HeM, W3BECTHOM 
AMWb CYAOCTPOMTENbHbIM, YEMEHTHbIM HM 
NMBOBAPeHHbIMM 3aB0faMH, 06 abnaynn uv 
He cabixnpann. Jimwb B wione 1911 roga 
npv6bin 8 Boneck Ha “ractponn” nobegu- 
Tenb nepsoro nepenerta Metep6ypr-Mocksa 
Anekcanap Bacuntes, a3ponnak KoToporo 
HeCKONbKO MMHYT NOKpyKWA B BOsAyxXe 
“aia nowTeHHeiwei ny6auKku”. Bnpoyem, 
FacTponbHbIi NONeT He OCTaBMn B NaMATH 
[pyuwimHa HMKaKHx BOCnOMMHaHMi, A BOT O 
Apyrof sctpeye c “Gonbwoh” asnaynei, 
cocronswelica B CepeqnHe 1920-x, [pywnH 
BCNOMMHaN YacTO. 
~B mom dex 9 Bozepaiyanca Beyepom 
¢ 3aHamud, conHue ewe He CKpbinoce. UV 
sdpye, epemum ymo-mo @ B03dyxe. Hu3Ko, 
Had CaMbIMU KpblluaMU domoB, nponemenu 
mpu camonema u cenu 3a 2opodom, — pac- 
cka3biean Metp JMuTpnesny. — He # oun — 
8ce Monodoe HaceneHue 2opoda HanpaMUK, 
4yepe3 3a60pbi u ozopodbi, paaHynocs K Mec- 
my nocadku. Mpu6exanu, nodownu x ma- 
wuxam. Hukmo nac He 3apyean. Haobopom, 
nemyuxam 6bin0 3a6aeHo eudemb Hawe 
BonHeHuUe, pa3spewunu, ¥mo Ha3biBaemca, 
“nompozamb” ux camonembi... 
3ra BctTpe4ya oka3anacb Ana [pywuHa 
pewaiowei. K Tomy spemenn 3a ero nneya- 
Mu yoke Obina y4e6a B WKONe, BonbcKom ro- 
POACKOM yYnanWe, NpodTexwKoNe HMeHH 
Vinbuya. K caonm apaquatn rogam oH B Co- 
BepWeHcTBe OBNagen cnecapHbim fenom, 
pa6otan Ha pa3nM4Hbix cTaHkax, BOqun 


Nemp Ipyuiun, cmydenm MAH, 1932 2. 
Pyotr Grushin, a student of MAL 1932 


Tpaktop. MB Bonbcke, 4 8 CocenHMx C HMM 
Mapkcwragre w 3xrenbce emy 6bino re 
NPMMeHMTb CBOM 3HaHHA K yMeHHA, HO Ipy- 
WMH yoke He npegcrasnan AanbHeiwen 
cBoei KH3HH Ge3 CamoneToB. 

Havas c npocteiwux asnamogenei, 
Ipywu Bckope ctan cpeqw apy3ei npu- 
3HaHHbIM aBTOPHTeETOM B BONpOCaX aBKa- 
Yuu W aBHamopennama. Bo apema cocta3a- 
HAW Mopenv, Co3faHHble ero pykamu, yne- 
Tan Aanbwe Apyrnx. 

Oaxako npegnpunatan [pywnHbim no- 


he future academician’s path to the 

state-of-the-art design work was 

similar to that of the majority of mis- 

sile specialists of his generation. 
The delight with the first plane that he 
saw in the skies made him an enthusiast of 
aircraft and drove him to the model air- 
craft construction... For the first time in 
his life, Pyotr Grushin saw an aircraft not 
far from his home town of Volsk. A twenty- 
year-old youth, he had already become a 
good mechanic, fitter and tractor driver. He 
was conscious of his sudden passion to air- 
craft, and this passion remained with 
Grushin throughout his life. Therefore it 
was quite natural that he entered the 
Leningrad Polytechnical Institute in 1928, 
and two years later transferred to the 
Aviation Institute (MAI) that had just been 
set up in Moscow. He was an excellent stu- 
dent, a winner of numerous study contests 
that were quite popular in higher schools 
those days. His fellow students (later many 
of them became famous aircraft and mis- 
silery designers) got sometimes stunned 
by the sedulity and diligence of “the guy 
from the Volga”. In fact, he got acquainted 
with the “sine — cosine” only at the age of 
21, just before entering the institute. 

At that time we flocked after the promi- 
nent scientists and designers: we were 
extremely anxious to learn as much as possi- 
ble about our favorite research field, Pyotr 
Grushin recollected. A famous aircraft 
designer D. Grigorovich, a young but steadi- 
ly growing designer S. Ilyushin and a well- 
known scientist B. Yuriev were among his 
instructors. They were the ones who turned 
their attention to Grushin’s extraordinary 


research abilities, nonstandard thinking, 
gift for analysis and generalization, as well 
as his ability to make courageous decisions 
even contrary to the opinion of the promi- 
nent scientists. Persistence, energy, great 
diligence, complete self-devotion and 
faithfulness allowed Pyotr Grushin to 
become a designer of the most complex 
equipment within just a few years. 

In the prewar years, Grushin’s original 
concepts for test and experimental aircraft 
brought him popularity. Among them were: 
the record-breaking Stal-MAI plane made 
of stainless steel, aerodynamic tandem- 
design planes (the Oktyabryonok light- 
motor aircraft and Sh-Tandem attack air- 
craft), the first aircraft in the country 
equipped with retracting tricycle landing 
gear with nose strut (the BB-MAI bomber), 
and the Gr-1 twin-engine fighter. However, 
when the war was unleashed, Grushin had 
to abandon this sphere of research. 

His new assignment was the Lavoch- 
kin Design Bureau in the city of Gorky. In 
the summer of 1942, the specialists of this 
bureau were putting the La-5 fighter into 
mass production. This time, Grushin’s task 
was formulated in a precise military way: 
he had to ensure the series production of 
the fighter in no time. Already in the 
autumn of 1942, the first La-5 fighters 
were employed in the battles near 
Stalingrad, and on December 5, 1942, the 
Gorky Aircraft Manufacturing Plant report- 
ed about the beginning of mass produc- 
tion of the new fighters. In June 1943, 
Grushin was awarded the Order of Lenin for 
his participation in this work. 

In the spring of 1943, Grushin was 
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NbiTKa CTaTb NeTHHKOM OKa3aNacb HeyAaY- 
Hod ~ 8 Camapckoe yyunnuje BoeHHEIx neT- 
4uKOB ero He nponyctuna MeAKOMMccuA. 
Ho sckope [pywmH nonyynn HanpasneHne 
paiikoma KoMcomMona Ha yye6y 8 JleHnH- 
rpag — 8 Monwrextm4eckni MHcTHTyT, rae 
8 Te ropbi Gbino OTAeneHMe NoAroTOBKM MH- 
»KeHepos ANA rHApoaBMaynn. Ha 3ToT paz 
OCe4KM He CnyYHNOCe, K OCeHbIO 1928 roa 
[pywuk cran crygeHtom. Yepe3 asa roga, 
NeToM 1930-ro, ace oTMeneHne, Ha KOTOpOM 
yyunca Spywnk, nepesenw 8 Mocksy, 8 
TONbKO YTO CO3AaHHbI MocKOBCKHit aBna- 
WMOHHbIA MHCTHTYT. 

B te spemena GonbwuHcteo 6yayuynx 
aBMaMHKeHEPOB Y4HNOCb C BAOXHOBEHKEM 
~ agwaynA He NpHHMMana nioAeh paBHo- 
AYWHbIX M Ge3paznn4nbix. Ho nae cpean 
CBOMX CaMbIX yBNeYEHHbIX COKYPCHHKOB 
Ipywnt Bbiqenanca Tpygonio6uem H ray6u- 
Ho M3y4eHuA npeameros. “B me 20dbi MoI 
ma6yxKamu Gezanu 3a Macmumbimu y4eHbI- 
mu U KOHCMpykmopamu, Cmpemacs y3Hamb 
KaK MOKHO 6onbwe 0 nonMGuBWeMcA HOM 
dene", — BcnommHan [pywnk ceon cTyzeH- 
4eckne roqbi. Ero yuntenamM M HacTaBHi- 
kam 6binw H3BeCTHeEAWH aBHaKOHCTpyK- 
top £1.11. [puroposuy, monogoi, Ho yee- 
peHHO Ha6upasuimii Torga cuny C.B. Unb- 
fownH, yyeHbiit 6.H. pees... Onupanct 
Ha Wx onbit, [pywMH cymen o6pectu cBoh 
CO6cTBEHHbIN TBOpYecKH NoYepK — Ha- 
YMWACA CMeno OTKa3bIBaTbCA OT NpHBLIY- 
HbIX pewWeHHi, Npeanarad B3aMeH xopowo 
NpoaymavHble HoBbie, nyywHe. V He cny- 
4alHo damunna ctygeHta [pywmna, nepe- 
AosuKa yye6b! u3 rpynnsi 182 noctoaHHO 
YNOMMHaNaCb B MHCTHTYTCKOM MHOroTH- 
pakke “Mponennep”. 


He3aypaavbim oxa3anca m ero aunnom- 
Holi mpoekT NerkoMoTOpHoro camoneTa, 
Haq KOTOpbIM C Hayana 1932 roga oH pabo- 
Tan BMeCcTe C Apy3bAMM-COKYPCHMKaMK 
Amutpnem BaGagom uw Acdakacnem Mapa- 
ka30BbiM. Mpoekt nog Ha3BaHvem “Bpu- 
ragHbiii” Gein npeactasneH MMH Ha BCeCo- 
1O3HbIN KOHKypc, npoBoAHBwHiica LIK Oco- 
apnaxuma, 13 oxTAGpA 1932 roga 06 uTo- 
rax KOHKypca Hanucana razeTa “M3eec- 
Tn”. B yucne no6egutened 3Haymnucb 
pywut, Ba6aq wu Mapakazos. Vm 6bina 
NpncykpeHa nepsaa npemua. Bropywo Ha 
TOM KOHKypce nonyyun HHKeHEp Cepreii 
Kopones, paspa6otaswnit camoner m3 ner- 
Koro cnnasa 3neKTpoH, 

Tpywnh, OKOHYMBWMA MocKOBCKHi 
@BMAUMOHHIM MHCTHTYT B Mae 1932 rona, 
Bckope 6bin npHHAT Ha paboTy B Bwpo Ho- 
BbIX KOHCTpykuMi (BHK) Bcecows3xHoro 
asnaynoHHoro ObbequHeuna. B 3T0h opra- 
Hw3a4MH, KOTOpyiO BO3raBAAN paHuy3 
Axpw Jiasnnb, 8 TO BpemA cospaBanca 
UeNbHOMETANNMYeCKHA ABYXMeCTHBIA HC- 
Tpe6utenb [M-4. Onnako ganbwe onbitHo- 
ro o6pa3ya Aeno He nowno, mB cepequHe 
cnenyiouero roga BHK 6bino 3axpbito. B 
wione 1933 roga, nocne Hegonroi paboTH 
Ha 3aBoge 39 Mockosckoro LKB, Ipywun 
sepHynca 8 MAW. B “anbma-matep” ero 
Npurnacun Ha AOMKHOCTS CBOerO 3aMecTH- 
Tena 3HaMeHMTbI = aBMaKOHCTpyKTOp 
4.1. Tpwroposny, kotopomy [pywuH npu- 
mavynca, byay4n ewe cTyfeHTom. [puropo- 
BMY Tora Obin neperpyxKeH CBepx BCAKOM 
Mepbl: pyKOBOAMN KOHCTPyKTOPCKHM G6i0po, 
co3qaBaBWiMM McTpebuTenH, BO3rnaBnAN B 
MAM katbeapy KoHcTpykynn W npoeKTupo- 
BaHWA CaMOneToB, a TakKe pykOBOgQMN 


appointed chief engineer to the Aircraft 
Manufacturing Plant #381 in Moscow, 
where the production of Lavochkin fight- 
ers (the La-7) began. Due to Grushin’s ini- 
tiatives, a number of innovations were 
applied to the La-7 fighter that increased 
combat efficiency of this aircraft. The 
innovations included enforcement of the 
armament, cockpit hermetic sealing, etc. 

After World War II, the specialists of 
the plant began preparatory works for 
series manufacture of the I-250 fighter 
(A. Mikoyan’s and M. Gurevich’s design) 
and pilot models of the La-150 jet fighter 
(S. Lavochkin Design Bureau). 

In October 1946, Grushin started to 
work at the Ministry of Aircraft Building 
Industry, followed by his work at the 
Special Committee for Jet Engineering. In 
September 1948, Grushin returned to the 
Moscow Aircraft Institute (MAI) being 
appointed dean of the faculty for aircraft 
building, and later on, deputy head of the 
institute for research. 

In the 1950s, Pyotr Grushin, who had 
been dreaming of aircraft designing 
throughout all his life, had to go in for 


quite another task: now he was to develop 
air defense guided missiles intended for 
the destruction of aircraft. World War II 
had demonstrated the great combat power 
of the aircraft. The fight against aircraft 
required the employment of qualitatively 
new measures, the guided missiles being 
among them. During WWII, similar work 
aimed at the development of missiles 
started in Germany, the USA and a number 
of other countries. However, the first 
results of that work were rather modest, 
and Grushin found himself at the cradle of 
one of the most complex weapons of the 
20th century. 

In June 1951, Grushin was appointed 
S. Lavochkin’s deputy. At that time the 
Lavochkin Design Bureau was dealing with 
an extremely difficult and important task, 
The specialists of the bureau had to devel- 
op a missile for the first domestic 
S-25 Berkut AD missile system intended for 
the defense of Moscow. That work was 
carried out in no time, as it had taken 
place during the war. Joseph Stalin, who 
personally set the task, demanded that the 
AD missile should be ready in a year. The 


——— 


Modens camonema “Bpuzadnaid” ~ noGedumens xonKypca YK Ocoasuaxuma, 1932 2. 
Model of Brigadny aircraft - winner of the Osoaviakhim Central Committee competition, 1932 


| | Texepanbubii KoncTpyKtop M.f. [pywnn General Designer Pyotr D. Grushin 


Tpynnoi ctyfentoe w AunnOMHMKOs, npo- 
ekTupopasuMx B MAM uenbHoctanbHoi 
camoner. B ato rpynne, Bbipocweli co Bpe- 
meHem 6 KB MAM, u Hayan pa6orate [py- 
WMH, a Co3qaBaBWMiicA B KB camoner cran 
ero nepBow camocTosTenbHon paborol. 

OpuruvanbHocth camoneta, KOTOpbiit 
Npeqha3Hayanca ANA oTpaboTKM cBepx- 
AanbHux nepenetos uv 6b ceoero pogza 
Ay6nepom pekopaHoro tynonescKoro 
AHT-25, 3aKmio4anacb npexkpe Bcero B Ma- 
Tepwane KOHCTpykuMH — WM 6bina HepKa- 
Beimujan CTalb. Oxa wn onpegenuna Ha3Ba- 
He aToro camoneta ~ “Ctanb-MAV umeHu 
Akosa AnkcHuca”. OqHako K MomeHTy Ha- 
4ana pekopgAHbix nonetos AHT-25 camonet 
He ycnen. Mepsbii nonet Ha Hem 6bin co- 
BepwWeH NMub 19 ceHTAOpA 1934 roga, Kor- 
Aa Ha AHT-25 ye 6bin ycraHosnex nepali 
pekopg fanbHocTu noneta. EctectseHHo, 
4To notpe6xocT’ B “Cranb-MAM” otnana, k 
TOMy Ke NpH ero NATOM NoneTe Npon30wWNa 
aBapuA — Ha B3NeTe 3arMOx MOTOP, Uv yxe 
Pa3orHaswiniica CaMoneT npnuinoch Ha- 
Npasutb K HaxXOAMBWwelicA Ha rpaHuue a3- 
pogpoma kyye necka. Ikunax, B COcTaBe 
KoToporo 6bin w [pywnH, He nocTpagan, HO 
camonet 6bin OCHOBaTenbHO noBppexAeH WH 
Gonbwe He netan. 

Cneayiowei paboton Ipywuna 8 MAM 
cTana MOfepHM3auMA CamMOrO MaccoBoro 
Camoneta Toro BpemeHn — Y-2, 3aKnio4aB- 
WaACA B YNYYWEHMM ero aIPOAMHAMUKH, B 
ycTaHOBKe AONONHMTeNbHbIx GeH306aKoB. 
B pesynbrate, ocospemexeHHbit Y-2 npu- 
Gasun 15-20 kM/4ac B ckOpocTM M He- 
CKONbKO COTe€H KMMOMETPOB B AaNbHOCTH 
noneta, Ho npofomkeHua 3Ta pabota He 
nonyyumna, Kak MW pag ApyrMx nonbiToK: 3a- 


Pexopdxeiii camonem “Cmane-MAN”, 1934 2, 
Stal-MAI record-breaking aircraft, 1934 


Tpatbi Ha BbINONHEHHe NepefenoK Y-2 Bce- 
[a Oka3biBANNCb 3HAYMTENbHO BbIWE OKM- 
AaBWEFOCA 3KOHOMMYECKOrO 3cdexta. 

Apyran pabota, nposegenHaa Ipywn- 
HbIM Ha Y-2, 3aknio4anaCcb B yCTaHOBKe Ha 
Camoner Manora6apuTHoi naposol Typ6u- 
HbI. Torga 4M, COBMeCTHO C ABHraTenucTa- 
mu MAM, 6bin cozqaH uccnegosarenbcKnit 
cTeHa, Ha KOTOpOM nposogMnact oTpabor- 
Ka OCHOBHbIX 3neMeHTOB KOHCTPyK\HM HO- 
BOW ABMraTeNbHOK ycTaHoBKH, 

HacTomuan Ke M3BECTHOCTb NpMuina K 
[pywmuy smecte c “Oxta6peHKom”. 3roT 
He6onbwol camoneT 6bin noctpoeH 8 MAM 
netom 1936 roa. Ho ewe go ero noctpoi- 


missile appeared within the designated 
term, and its tests began. However, the 
development of its guidance and control 
system by the experts from the Design 
Bureau #1 (it was the parent enterprise 
for the S-25 system) took much more 
time. Actually, the Design Bureau #1 had 
to solve problems of a qualitatively dif- 
ferent level. In fact, it required the cre- 
ation of a practically new industry. Only 
on November 2, 1952, the first launch of 
the AD missile guided by commands from 
a ground guidance station took place at 
the Kapustin Yar range. On April 26, 
1953, the first interception of a flying 


target (a Tu-4 bomber) was executed. 

In late 1953, Pyotr Grushin got his 
next assignment, which turned out to be 
the last one. The Special Design Bureau #2 
(later named the Fakel Engineering Design 
Bureau) became his new place of work and 
he was appointed chief designer. The site 
allocated for the new enterprise was situ- 
ated in the outskirts of Khimki, a town in 
the suburbs of Moscow. This place was 
familiar to Grushin. It was the place where 
his Oktyabryonok light-motor aircraft had 
been tested before WWII, and at that site 
Grushin had been trained to fly aircraft at 
the MAI aeroclub. 
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KM pa3zropenucb Kapkne Cnopsl BOKpyr 
cxembl “TaHgem”, npeanokeHHoi [pyuin- 
HbiM Ana “OkTabpeHka”. B3aBulMcb ycosep- 
WEHCTBOBAaTb NOnyAApHyto B Te rogbl “neTa- 
touyio 6noxy” patuy3a AHpu Mute, [py- 
WMH NpeAnoKun ANA CBoero CamoneTa 
MMeHHO cxemy “TaHem”. Paccyqutb, npa- 
BUNbHO AM BbIGpaHO peweHne, Mor TONbKO 
noner. WU 23 okta6pa 1936 roga “OxtA6- 
penka” noquan B BO3AYX OAMH M3 u3BeCT- 
HeiwWMx jeT4nkKoB-KcnbITaTenei Toro Bpe- 
meHn — Anekcanap ykos. A yepe3 Hepe- 
no “OktabpeHoK” no6eqHo npoxykxan 
CBOMM 27-CuNbHbIM MOTOpOM B HeGe Han 
MAM. Cnopti o Headbdextuskoctn nogob- 
Horo “taHgema” cruxnu camn co6oii. 

Heckonbko net “OkTa6peHoK” Goin 
cBoero pofa cumBonom MAM, ero Ha rpy30- 
BUKe BO3MNM B COCTaBe KONOHHbI MHCTHTY- 
Ta BO BpeMA Npa3qHMYHbIX AeMOHCTpauHit 
Ha KpacHoii nnowagu, a 8 1938 rogy oauH 
w3 ero noneTosB Ha TywimHcKom aBMalnoH- 
HOM Npa3qHuKe 6bin cneynanbHo CHAT ANA 
KUHOXPOHMKH. 

Yenex “Okta6penka” no3sonun Ipywu- 
Hy NpucTynuTe K CosqaHuio Goesoro camo- 
neta nogo6Hoii cxembi. Mo 3ambicny KOHCT- 
PykTopa, OH AOMKeH 6bin npeACctaBnaTb Co- 
6010 cKopocTHolt He6poHMposaHHbiit wryp- 
MoBuK. Taka MAeonorMa BnonHe CooTBeT- 
crBoBana BpemeHu. B Te rogbl y MHOrMx 
BOeHHbIX CheuManucTos Nonb30BaNacb No- 
NyNAPHOCTbIO TeopHA O GezonacHocTH atak 
Ha Ha3emHble Yenn Cc Gonbwo CKOpocTbIO, 
Ha Manoi BbICOTe, C nukMpoBaHua. Kpome 
TaHAeMHOM CXeMbI, OTNMYMTeENbHON OCo- 
GeHHOCTbIO rpywMHcKOro wTypmMoBuKa 
cTana pa3MeujeHHaa 8 xBOCTOBOM YacTH 
“TaHnema-MAN” (camoner takoKe Ha3biBan- 


ca MAN-3 w “L-tangem”) 6awHa crpenka, 
koTopaa o6ecne4ynsana obopony sceii 3ap- 
Hel nonyccepti. Otnnyanca camoner uv BbI- 
COKOM TexHOnorM4HocTBIO, Gnarogapa KO- 
Topo OH 6bin B KpaTYaiwue cpoKH u3ro- 
TOBNeH B MacTepcKux MAN. 

Nepsbiit stinet “Taygema-MAM” cocto- 
anca 5 gexa6pa 1937 roga, w 6B TeyeHue 
cneayiowero roga camoner npowen sco 
NonoxkeHHy0 Nporpammy McnbITaHHii, no~- 
TBEPANE NPM 3TOM BbICOKMe XapakTepucTH- 
KU. Oguako wcnbitaTenw oTmeTHAM WM pAA 
HEAOCTATKOB WTyPMOBMKa-TaHsema,. Bro- 
pod 3k3emnnsp “TaHqema-MAN”, Ha KoTO- 
Pom GonbuiMHcTBO M3 HepOCTaTKOB NepBOl 
MawMHb! 6biNo ycTpaHeHo Mu, Kpome Toro, 
Npegnonaranoce yctaHosuTb yOupaioulywo- 
CA HOCOBYIO CTOMKY WaccH, Tak HM He 6bIn 
noctpoeH. 

Onbit, nony4eHHbit B xoge pabot Han 
WTypMoBiKom, 6bin BcKOpe ucnonb30BaH 
Tpywuubim npw coaqaHnu cnegyouero ca- 
Moneta — BB-MAM. OH npegua3Hayanca 
ANA Wcnonb30BaHMA B Ka4ecTBe OnMKHero 
Gombapquposunka, MMen YenbHopepesaH- 
Hylo KOHCTpykunio MW yOupaioulyioca HOCO- 
Bylo cToliky waccn. Yebi, BB-MAV oxa3anca 
Ha peAKocTb HeBe3y4uMm. 3aTAHyBwaACA 
Noctpoka npusena kK Tomy, 4¥TO ero nep- 
Bbiii MONET COCTOANCA NMWb B AeKabpe 
1940 roga, korga y BBC uutepec K 3Tomy 
camonety 6bin yrpayeu. Camoro [pywnna K 
TOMY BPEMeHM Ha3HA4YMNM MMaBHbIM KOHCT- 
Pyktopom KB Xapbkosckoro asva3a- 
Boga 135, a KB MAM, sbinonHaswee 6 TeYye- 
HMe HECKONBKMX NET ponb “NVTOMHUKa” 
6yayuwx MH)KeHeEpoB MH KOHCTpykTOpos, 
6bino 3aKpbiTo. 

OcHosHow 3agayei, cronswei nepea 


Memp Tpywun (cnpasa) oxono camonema “OxmaGpenox", 1936 2. 
Pyotr Grushin (right) beside his Oktyabryonok airplane, 1936 


The new assignment had a reverse 
side - Grushin virtually disappeared from 
sight of aircraft specialists and aviation 
experts. The cause entrusted to Grushin 


required incredible secrecy. Even his 
name became one of the country’s top 
secrets and was no longer associated with 
Progress in science and technology. Till 


u Texepanbubiit KoHcTpyktop M.f. Ipywinn 


General Designer Pyotr D. Grushin EEEn 


[pywimHbim B Xapbkose, 6bino o6becneyeHne 
Ha 135-m 3aBoge CepuiiHoro Bbinycka Ca- 
monetos BB-1 — 6ynywnx 6nwxKHux 6om- 
6apauposunkos Cy-2. OgHospemeHHo ero 
Hosoe KB B3anocb 3a CozqaHve AanbHero 
OAHOMecTHOro UcTpebuTenA ConpoBoxKpe- 
Hua JMC-135 ([p-1). Adanoruynbie paboret 
BeNUCb TOrfa WeNbIM PAAOM OpraHu3zayMin, 
B Tom 4ucne KB H.H. Monukapnosa u 


A.M. MukosHa. Bnarogapa npegnorkeHHon 
[pywnttim bopme opraHu3aynn pabor, Ha- 
NomMxaiowen nonynapHbih MHOrO noO3Ke 
XO3PaC4eT, XAPbKOBYAHE OKA3ANMCb B YMC- 
ne nugepos. Vx camonerT B cepequte WHA 
1941 ropa 6bin roros K nepsomy noneTy. 
Ho w3-3a HayaBwelicA BOMHbI ero NepeBe3- 
AW AA UcnbITaHH B NOAMOCKOBHEIN JleT- 
HO-MccnefoBatenbcKH MHCTHTyT (JINN). 


Temp [pywuH na TywuHckom aspodpome neped nokasamensHeim nonemom “Okms6peHka”, 1938 2 
Pyotr Grushin at the Tushino aerodrome before demonstration flight of the Oktyabryonok airplane, 1938 
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the late 1980s, all articles about Grushin 
published in encyclopedias and diction- 
aries had the same ending: further on he 
carried out independent and very success- 
ful work. 

Certainly, Grushin possessed a good 
basis for forming his collective. Its back- 
bone comprised the missile engineering 
experts from the Moscow Engineering 


Bureau #1 (it became the main “cus- 
tomer” for missiles from Grushin’s Design 
Bureau), and the personnel of M. 
Bisnovat Special Design Bureau #293 that 
had occupied that site in Khimki till 
1953. Among the experts who were the 
first to develop missiles in the new 
design bureau there were many promi- 
nent designers, engineers, managers, 
such as D. Tomashevich, N. Zyrin, 
Ye. Krinetsky, V. Yelagin and G. Bolotov. 
There also were such experts as 
Ye, Afanasyev, G, Bondzik, whose talent 
and abilities began to flourish during 
their work in Grushin’s bureau. Every 
year, young experts who graduated from 
the best institutes of our country that 
specialized in training missile engineers 
came to this top secret organization. 
Actually, from its first day, the Special 
Design Bureau #2 became very popular 
among the graduates being their prior 
choice for future work, and only the best 
and the most talented ones were invited 
to work there. Later on, many young spe- 
cialists became colleagues of their 
teacher and supervisor. Together with 
Pyotr Grushin they devoted themselves to 
the chosen path. The future chief design- 
er V. Kolyaskin and general designer 
V. Svetlov began their missile engineer- 
ing career in Grushin’s “school”. 

The development of the 1D missile for 
the mobile S-75 AD missile system of the 
Design Bureau #1 became the starting 
point for the Special Design Bureau #2. 
Later, these missiles became a kind of a 
symbol for Grushin’s Design Bureau. The 
following factors predetermined the future 
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Tam, npu 3anycke oAHoro m3 ero MoTOpos, 
camoner G6bin nospexpeH M ero npMwnoce 
3BakyMpoBarb Ha Ypan, B Mepmb, Kya K TO- 
My BpeMeHH yke Obin nepesepeH XapbKos- 
ckwi asna3zaBog. Ho uv B Mepmn nogroto- 
BuTb [p-1 K noneTaM He ynanocb — 8 AHBa- 
pe 1942 roga 3asoq paccbopmuposann. 

Hopbim Ha3Ha4eHvem [pywuHa crano 
KB C.A. Jlasouknna, pabotaswee 8 fopb- 
Kom. Tam netom 1942 roga Ha4MHanu 3any- 
CKaTb B Cepnio ucTpe6uTenb Jla-5. 3aqaya, 
noctasneHHan nepeg [pywuHbiM Ha 3TOT 
pa3, 6bina ccbopmynuposava no-BOeHHOMy 
yeTKO — o6ecne4yuTb cKopenwui cepnii- 
Hbli BbInyCK 3THX UcTpebuTeneH. V ye 
oceHbto 1942 roga nepabie Jla-5 npuyann 
yuactne 8 Gonx nog Crannurpagom, a5 pe- 
Ka6pa 1942 roga fopbkoscknii aBvazaBon 
OTpanopTosan O Hayane MaccoBoro BbINyC- 
Ka HoBbIX ucTpe6uTeneii. Pons [pywnna 8B 
3ToM pa6ore B uloHe 1943 roga 6bina oTMe- 
4YeHa opfeHom JleHuna. 

BecHoi 1943 roga [pywuxa nepesenn 
8 Mocksy maBHbim wHKeHEpoM Ha 381-1 
aBMAMOHHbIM 3aB0], re TaKKe pasBopa4n- 
Banca Bbinyck ucTpe6uTeneii JaBouKnHa — 
Jla-7, 3pecb no wHuunatnse pywimHa Ha 
wctpe6urennx Jla-7 6bin BHeEApeH pAQ HOB- 
WecTB, 4TO NO3BONMAO yBeNn4HTb GoeByio 
appekTMBHOCTh 3TMX CaMoneTOB: 6biINO 
ycwneHo BoopyxkeHue, npoBepeHb! paborb 
No repMetw3aynn Ka6uHb! nunota, cyena- 
HbI M Apyrve ycosepweHcrBoBaHnA, 

B nepabie nocnesoeHubie ropbi Ha 381-m 
3aBORE PasBepHyNacb NOAroTOBKAa K cepui- 
Homy w3roToBneHMo uctpe6uTena V-250 
(KoHctTpykyunu A.V. MukoaHa w MLM. Type- 
Buya) M ONbITHbIX OOpasyoB peakTMBHOrO 
uctpe6utena KB C.A. Jlasoukuna — Jla-150. 


7 TeHepanbHbiit KOHCTpyKTop na. [pywun 


“Oxma6penox” 8 MAH, 19402. 
Oktyabryonok airplane in Moscow Aircraft Institute, 1940 


B oxta6pe 1946 roga [pywnk nepewen 
Ha pa6oty 8 MuxuctepcrBo asMayMoHHon 
NpoMblWNeHHOCTH, NOTOM TpyaWncA B 
Cneykomutete no peakTusHon TexHuKe. B 
ceHta6pe 1948 roga [pywuH BHOBb Bep- 
yynca B MAU, craB gekaHom Camonetoctpo- 
wTenbHoro dbakynbTera, a 3aTeM MW Npopek- 
TOPOM MHCTHTYTa NO Hay4HOw pabore. 

B natwgecatbie rogbi [pywnty, Bc 
DKW3Hb MeYTaBWIEMy O CO3AaHMK CaMone- 
TOB, NPHWAOCb 3aHATKCA AeNOM COBeEpWEH- 
HO NpOTHBONONOKHbIM — paspaboTKoH 3e- 
HMTHBIX yNPaBnAeMBIX PakeT, NPeAHasHa- 
4aBWMXCA ANA YHMYTOKeHMA CaMoneToB. 


versatile employment of Grushin’s mis- 
siles: maximum efficiency of missiles at 
their minimal cost and simplicity in opera- 
tion; reasonable amalgamation of the new 
and traditional creative ideas; employ- 
ment of production technologies on the 
basis of the most popular and tested con- 
struction materials as well as highly effi- 
cient methods of their treatment. 

The first AD missile of the Special 
Design Bureau #2 was adopted for service 
in December, 1957. In a year, its design- 
ers received high awards: Grushin was 
honored as a Hero of Socialist Labor, the 


Special Design Bureau #2 was awarded 
the Order of Lenin, and dozens of em- 
ployees received orders and medals. On 
December 30, 1958, the USSR highest 
officials N. Khrushchev and L. Brezhnev 
visited the enterprise for the presenta- 
tion of awards. 

Unlike many other missiles that 
“received awards” during those years, the 
1D missile and its modifications remained 
in service for a long time. The missile’s 
first combat launch took place on Octo- 
ber 7, 1959, when it downed a high-alti- 
tude spy aircraft in the airspace of China. 


General Designer Pyotr D. Grushin 
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Nemp Ipyuius, 1940-2 22. 
Pyotr Grushin, 1940s 


Bropaa muposan BouHa NpofeMOHCTpUpo- 
Bala OrpoMHyi0 Goesyi0 MOUjb aBMaynn. 
Bopb6a c camonetamu notpe6osana npu- 
MeHEHMA Ka4@CTBEHHO HOBbIX CpeAcTB, 
B TOM 4MCNe W ynpaBnAeMbix pakeT. Torga 
Ke pasBepHyANC paborbi no ux CO3AaHM0 
8 fepmanun, CWA, page apyrux crpak. O- 
Hako nepsble pesynbrarb! 6bin BecbMa 
CKPOMHbIMM, a noTOMy [pyWMH oKa3anca 
MpakTM4ecKM y MCTOKOB co3qaHMA 3TOrO 
Bua OpykuA XX Beka — OAHOTO M3 Han6o- 
Nee CHOMKHDbIX, 

B uioHe 1951 roga [pywnHa Ha3Ha4n- 
AW nepsbim 3amectuTenem C.A. JlasouKu- 
Ha. B To Bpema KB JlasoykuHa 3aHMMa- 
NOCb KpalHe CNOMKHbIM M OTBETCTBEHHbIM 


Aenom: co3qapano pakety Ana nepsoi 
OTEYeCTBEHHOM 3CHMTHOM PakeTHOM CHC- 
tempi C-25 “Bepkyt”, npeqHa3Hayasweiica 
Ana o6opout! Mocketl. Pabota Benacb B 
Temne, eqsa nu He Gonee BbICOKOM, 4eM B 
BoeHHble rogbl. CranwH, NM4YHO NocTaBnB- 
wwii 3agayy netom 1950 roga, notpe6o- 
Ban, 4T06bI “pakera ana MBO 6bina cgena- 
Ha 3a roq”. VW paketa noaBMnacb MMeHHO B 
37M cpoKn. Hayanuc ee ucnbitanua. Op- 
Hako Co3qaTenam CMCTeMbI ee HaBeneHHA 
W ynpasnexua u3 KB-1 — ronosxoi opra- 
Hu3zaynn C-25 — notpe6osanocb 3Ha4n- 
TenbHo Gonbwe spemenu. Mpobsemy, 
actasuime nepeg KB-1, oka3anucb Kayect- 
BeHHO MHOFO ypOBHA M noTpebosanu, no 
cyTH ena, Co3qaHMA npakTM4ecKn HOBOM 
oTpacn NpombwiNeHHOCTH. JIMub 2 HORG- 
pa 1952 roga Ha nonurone Kanyctun Ap 
COCTOANCA NepBbI MyCK 3EHUTHOM pake- 
Tbl, ynpaBnABWelcA NO KOMaHAaM Ha3zem- 
HOW CTaHUMM HaBefeHuA, a 26 anpenn 
1953 roga 6bin ocywectenex nepsbii ne- 
pexeat yenn — Gom6apauposunka Ty-4. 

Caoe oyepegHoe w OKa3aBweecA no- 
cneqHwm HasHayeHve Metp Ipywn nony- 
4un B KOHUe 1953 roa. HoBbim MecTOM pa- 
6oTb! crano Oco6oe KOHCTpyKTopcKoe 610- 
po Ne 2 (noaxKe —- MKB “®aken”). flonx- 
HOCTb: MaBHbIA KOHCTpykTOp — Ha4anbHUK 
OKB. Mecto, BbigqeneHHoe HOBOM opraHu3a- 
UMH Ha OKpanHe NOAMOCKOBHbIX XHMOK, [py- 
WHHy 6biN0 XOpOWO 3HaKOMO. 3feCb eLje AO 
BOWHbI neTan ero “OkTAbpeHoK”, 3gecb w 
cam OH y4unca neTarb 8 aapoKny6e MAM. 

Y HoBoro Ha3Ha4¥eHMA MMeNacb HK O60- 
POTHaA CTOPOHa — OTHbIHe OH NpakTHYeECKK 
Wc4e3 M3 NONA 3peHHA ABMAUMOHHBIX Cne- 
UManucTos M 3HaTOKOB aBMaunu. Jeno, no- 


As for the first target in the skies of our 
country destroyed by the missile (on 
November 16, 1959, near Volgograd), it was 
one of the American spy balloons flying at 
a height of 28 km. However, these episodes 
were not so popular as the incident that 
took place near Sverdlovsk on May 1, 1960. 

Suddenly I heard a sound of indis- 
tinct explosion and saw an orange light. 
The plane suddenly bent its nose forward 
and, as it seemed to me, its wings and tail 
unit broke off. Oh my God, my plane was 
hit! I do not know in what position my 
plane was falling, but the only thing I 


Temp [pywun c xenod 3umaudod 3axaposnod Meeaeunod 


Pyotr Grushin with his wife Zinaida Z. Zhevagina 


could see was the sky, recollected Francis 
Powers, the pilot of the American 
Lockheed U-2 spy aircraft, describing his 
encounter with the missile. 

And this is how Pyotr Grushin com- 
mented on the incident: Actually, Powers 
was lucky. The missile was launched in pur- 
suit of his aircraft, not towards it. 
Therefore, upon reaching the target it 
exploded, and the fragments of its war- 
head damaged the plane, But the engine 
served as a shield and protected the cock- 
pit, which was in the front part of the air- 
craft, so the pilot was able to stay alive. 
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pyyexHoe [pywinny, Tpe6osano npuHnaTna 
MMeHHO TaKMx Mep CekpeTHoctTH. [axe ero 
ma cTao OAHMM M3 CaMbIx 6onbuMx CeK- 
peroB CTpaHbl M Gonee He CBA3bIBANOC C 
ycnexamn ee HayKH W TexXHHKH. BnnoTb Ao 
KoHuya 1980-x uHcbopmayna o [pyuimHe B 
SHUMKNONeAMAX MW CNOBapAX 3akKaH4nBa- 
JlaCb CNOBAMM O TOM, 4TO “fanee OH pabotan 
CamocTosTenbHO MC GonbwiMM™ ycnexom”. 
Co3qasan Konnektus ceoero KB, [py- 
WMH Ha4MHan, KOHEYHO, He C YennHbi. Ero 
ocHoBy COcTasMnn cneyManncTei-pakeT4n- 
ku 3 MOCKOBCKOro KB-1, craswero OcHoB- 
HbiM “3aKa34HKOM” pakeT HOBOrO KOHCT- 
pykropckoro Giopo, a TakKe paboTHHKn 
OK6-293 M.P. BucHosara, pacnonaraswe- 
TOCA Ha 3TOM XAMKMHCKOK TeppuTOpHu AO 
3umbi 1953 roga. Cpeau cneunannctos, 
cpenaswnx nepeble warn B Aene co3qaHna 
paket 8 HoBoM KB, 6bino MHoro yKe u3Be- 
CTHbIX KOHCTpyKTOpos, MH)KeHepoB, Opra- 
HM3aTOpoB NpoM3BoAcTBa — TAaKUX, Kak 
4.1. Tomawesuy, H.f. 3bipun, E.W. Kpu- 
Heukui, B.H. Enarnu, f.£. Bonotos. Hema- 
flo Gbino w TaKwx, Kak E.W. Acbanacbes, 
[.. Bong3uk, 4bn TananTbl M Cnoco6HocTH 
NONHOCTbIO packpbinucb B paboTe 3yecb. V 
Kakabiit roy 8 CoBepilieHHO CeKpeTHyi0 op- 
raHu3ayMio NPMxoAMAM MoNogbie cneyna- 
AMCTbI, 3aKAHYMBABLME NYYWMe MHCTHTYTbI 
CTpaHbi, re B Te ropbl Benacb noprotoBKa 
WHKeHepoOB-pakeTYMKoB. BykBanbHO C 
nepsoro axa pabotbi OKb-2 nonyyuno 
npnoputer B Ux BbiIGope, nosTOMy nonaga- 
JM Cloga nw Cambie nyYWMe M TanaHTAM- 
Bole. O4eHb MHOrMe Monogbie cneynannc- 
TbI Cran CO BpeMeHeM COpaTHMKaMu CBOe- 
ro yuwTena w pykosoqutena. Kak u 
1.2. [pywnu, onn nonHoctbWo oTgaBann ce6a 


a Tevepanbubii KOHCTpyKTOp 1.0. fpywinn 


Grushin’s missiles had to encounter 
the U-2 aircraft several times — in the air- 
space of Cuba, China and Vietnam. As a 
tule, the victories were won by the missiles, 

In Vietnam they had to encounter 
not only the U-2 aircraft. According to 
the plans of the transatlantic strategists, 
the war that was unleashed there in the 
summer of 1964, was supposed to become 
one of the triumphs of the American 
weapons, the Air Force in particular. 
American pilots were designated the task 
“to bomb the Vietnamese till they were 
back to the Stone Age.” And they were 
successfully carrying out that task, at 
least until the Soviet AD missiles 
appeared in Vietnam. The first duel of the 
S-75 missile system with the American 
Phantom aircraft on July 24, 1965, start- 
ed the unprecedented military competi- 
tion. It was the competition that result- 
ed in over a thousand downed American 
planes, as well as in the consent of 
America to give up massive bombings in 
Vietnam and start the negotiating 
process. 

By the end of that war, the new S-125 
missile system equipped with missiles 
developed by Grushin’s Design Bureau 
appeared in Vietnam. Featuring small size 
and weight, they were not only adopted for 
service with the ground AD units, but also 
became one of the basic means of the 
ship-based AD systems. Grushin used to 
strive for increasing the number of cus- 
tomers for his missiles. Developing any 
type of missiles he estimated the 
possibilities for their employment with 
the naval or ground forces. That is why 


t/ wha! 


Pyotr Grushin and aircraft designer Artyom Mikoyan, 1968 


UUM U QBUOLUOKHEIT KoHCMpykmop Apmem MuKoRH, 1968 2. 


_ General Designer Pyotr D. Grushin 


nopyyexHomy geny. MMeHHo B rpywMHcKon 
“wkone” Ha4MHanM CBOM nyTb B pa- 
KeTOCTpoeHhu GypyuyMid MaBHbIn KOHCT- 
pyktop B.B. KonackuH uw rexepanbHblii 
kouctpyktop B.I. Ceetnos. 

Nepsoi “npoboi nepa” ana OKB-2 cta- 
na pa3pa6orka paketbi 1M] ana co3pasae- 
welica 8 KB-1 nepeaswkHow 3eHMTHOM pa- 
KeTHOM cuctembi C-75. ITM pakeTbi Co Bpe- 
MeHeM CTaNM CBOeFO pOfa BUSMTHOM Kap- 
TowKoi KB fpywma. MakcumanbHo Bbico- 
Kan acpdekTHBHOCTh pakeT NPM WX MMHH- 
Ma/bHOW CTOMMOCTH KM NpocToTe B 3KCNAYya- 
Tal\M; pasyMHOe CONeTaHHe OpMrMHaNbHbIx 
peweHuii Cc yKe XOpowO 3apeKOMeHAOBaB- 
wumn ce6n; peanuzayna TexHonorMii u3ro- 
TOBNEHMA C ONOpOl Ha HaMGonee xoMoOBbIE, 
OCBOeHHbIE KOHCTpyKYMOHHbIe MaTepvanbl 
MW BbICOKONPOM3BOAMTeNbHbIe MeTOAbI UX 
o6pa6oTkv — sce 3To npenonpegenuno by- 
AyuWylo MHOroTHpadKHOcTb paket [pywuHa. 

Nepean 3enutHaa paketa OKB-2 6bina 
NpwHsATa Ha BOOpyxKeHne B AeKabpe 1957 ro- 
Aa. A Yepe3 roq ee co3qatenu nonyynnu 
BbICOKMe Harpagbl: [pywnHy 6bino npucBo- 
eHo 3BaHve Tepon Coynanuctuyeckoro 
Tpyaa, OKB-2 Harpaquau oppetom JlexuHa, 
AecaTkw paboTHuKos npeanpuatua nony- 
4unw opgeHa w Megan. CneynanbHo ana 
Bpy4eHna Harpag 30 pekabpa 1958 roa Ha 
Npeanpwatwe npvexann pykosogutenn 
ctpabl H.C. Xpywes u JIM. Bpexkves. 

B otav4ve oT MHorMx Apyrux paKer, 
“HarpakAeHHbIx” B Te rofl, pakeTe 1] u ee 
moqudukaynam G6bina yrotopaHa mHoro- 
neTHAA Goesaa Cy 6a. Ee nepsbiii 6oeson 
fyck coctosnca 7 okTA6pA 1959 roma —- B 
He6e Haq Kutaem eto 6bin COuT BbICOTHDIA 
camonet-pa3seq4uk. A nepsyo yenb B 
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Pa6ovee coseiuanue, Nemp Ipywun amopoll cnesa, 1993 2. 


Working meeting. Pyotr Grushin is the second on the left, 1993 


He6Ge cBoe cTpaHbl paketa HacTurna 
16 Hon6pa 1959 roga oKono Bonrorpaga — 
e10 OKa3a/NICA OAMH M3 AMEPMKAHCKMX pa3- 
BeAbiBaTeNbHbIX BOS3AYWHbIX Wapos, NeTeB- 
wuit Ha BbICOTe 28 KM, OAHaKko 3TH 3nn30- 
Abi, NPM BCe CBOeM M3BECTHOCTH, KOHEYHO. 
HM B Kakoe CpaBHeHue He M~yT C CObbITH- 
em, KOTOpoe npou3zowno 1 maa 1960 roga 
y Ceepanoscka. 

“HeoxudaHHo # ycnblwan enyxou 
e3pbie U yeuden opaHesoe cunHue. Camo- 
nem sdpye HaknoHUNcA Bneped HOCOM U, 
KaKemca, y He20 OMMOMUNUCS KpbINbA U 
xeocmosoe onepenue. [ocnodu, 8 MeHA No- 
nanu!.. ToyHo # He 3Ha10, 8 KaKOM nonoKe- 
Huu nadan moti camonem, A Uden BO BpemA 
nadeHua monbKo He6o...”, — Tak 06 3TOK 
BcTpeve C pakeTo pacckasbiBan NunoTH- 
posaswui camoneT-wnvoH “SloKxuy” U-2 
amepwkaHcku netunk paxcuc May3pc. 

A Tak ropopun 06 atom cay4ae Netp 
Qmutpvesuy [pywur: 

- flayapcy 8 o6tyem-mo nose3no. Paxe- 


ma 6bina nyweHa BdozoH, a He Hascmpery. 
Nloamomy, Koz0a ova Hacmuena yenb U 830- 
peanacr, ockonku ee 6oesoll yacmu nospe- 
Ounu camonem, HO Oeuezamenb, cnoBHo 
ujum, 3acnoHun Ka6uHy nunoma, pa3zme- 
weHHylo 8 Hocosou yacmu MawUHeI, U nem- 
4uK ocmanca KuB. 

C passequnkamn U-2 rpywHHckum pa- 
KeTaM NpMWAOC CTONKHYTECA elle He pa3 — 
B Hebe Hag Ky6oH, Kutaem, BbetHamom, Mo- 
6eqa, Kak NpaBuno, OCTaBanacb 3a pakeTon. 

Ho 80 BeetHame MM AoBenocb CTonK- 
HyTbCA He TOMbKO C U-2. Hayaswaaca Tam 
netom 1964 roa Boa, NO 3ambiCny 3a- 
OKeaHCKUX CTpateros, AomKHa Gbina CTaTb 
o¥epegHbim Tpuymdom amepwKaHcKoro 
opyikua, H npexkpe Bcero — asmayun. Me- 
peg amepwkaHckumu neTuMKamn 6biNna no- 
cTapnena 3agaya “Bbom6uTb BbeTHaMUes B 
KaMeHHbIW Bek”. V OHa yCNeWHO BbINONHA- 
NaCb, BO BCAKOM Cny4ae, AO Tex Nop, NoKa 
Ha BbeTHAMCKOM 3eMNe HE NOABUNMCE CO- 
BeTCKMe 3eHMTHbIe pakeTbl. YKe nepseii 
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the history of his missiles includes their 
employment in several “hot spots”, 
including the countries of the Middle 
East, South-East Asia, Africa and Europe. 
It was in the airspace of Yugoslavia that 
Grushin’s missile destroyed one of the 
notorious American F-117A Stealth air- 
craft in March, 1999. 

Having a great talent of a designer and 
engineer Grushin also possessed a unique 
intuition. It allowed him to confidently 
counter the traditional points of view, to 
advance and lead the employees of his own 
and some other design bureaus towards the 
implementation of original ideas. 

Grushin’s achievements in the develop- 
ment of missile weapons were constantly 
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marked with the highest awards. In the 
winter of 1966, he was elected a member 
of the CPSU Central Committee; in July 
1966, he became a Full Member of the 
Academy of Sciences of the USSR. Within 
those years he turned out to be the only 
designer of military equipment who was 
promoted to such a high rank. This high 
recognition of his personal contribution 
gave him considerable advantages, and 
Grushin used them for achieving higher 
results in his work, His missiles designed 
in the 1960s for the S-200 AD system, Osa 
self-propelled system and Shtorm and 
Osa-M ship-based systems became impor- 
tant components of the Army, the Navy 
and the Air Defense of the country for 


1993 2. 


General Designer Pyotr D. Grushin 


noegnxok C-75 c amepnkatckumn “Darto- 
mamu", cocronBuiniica 24 uiona 1965 ropa, 
Nonoxkun Hayano HeaMAaHHoMy Aocene BO- 
eHHomy copesHosaHnio. CopesHosaHun, 
MmaBHbIM pe3ynbTaTom KOTOpOrO cTanM He 
TONbKO TbICAYM COMTbIX @MePUKaHCKUX Ca- 
MONeTOB, HO MW TO, YTO aMEPMKAaHUbI 6binn 
BbIHyKeHbI OTKA3ATECA OT MaCCMpOBaH- 
HbIX 6om6apAnposok BbeTHama Hu CecTb 3a 
cTon neperosopos. 

K KOHUy TOM BOMHbI Ha BbeTHAaMCKOH 
3eMNe NOABMIICA HOBbIN pakeTHbI KOMNNEKC 
C-125, TakoxKe OCHALeHHbIM paketamn, CO- 
3naHHbimu B KB [pywuna. Oramyasuineca 
He6onbuwMMu pa3mepamu uv maccon, OHM 
CTaNW HE TONbKO YaCTbIO Ha3EMHbIX CHCTEM 
NBO, Ho 4 OAHMM M3 OCHOBHbIX CpegcTs KO- 
pa6enbHow npotMBoBO3AyWHOK O6OpoHbi. 
[pywuH Bcerga CTpemunca pacuMpuTb Kpyr 
3aKa34nkoB CBonx paker. Co3jaBaa mo6ylo 
3 paket, OH OW@HMBAN BO3MOKHOCTH MX 
vcnonb3oBaHna Ha Kopabsax wan B Cyxo- 
NyTHbIx BouCKaxX. MMeHHO no3Tomy cTOnb 
HacbileHHb! 6vorpacbun ero paket, KOTO- 
PbiM BCerga XBaTano “ropa4yMx TOYeK”: B 
'Oro-Bocro4Holi A3un, Ha BawkHem Bocto- 
ke, 8 Acppuke unu Espone. Umento 8 He6e 
Orocnasun B Mapte 1999 roga paxeta Ipy- 
wna noctaeMna ToUKy B Cyabbe oOAHOro M3 
Npecnosytbix amepMkaHcKMx CamoneTos- 
“WeBUAMMOK” — F-117A. 

Vmen orpomHbii TanaHT KOHCTpykTopa 
w uWKeHepa, IpywnH O6nagan ewe HW yHH- 
KanbHOW mHTyMuMel. OHa no3sBonANa emy 
yBepeHHO MATH npoTHB ycTaHoBMBWMXcA 
BO33peHHi, CMeNO ABMrAaTbCA BNepeg M Ha- 
NpaBnatb KONMeKTHB CBOerO (M He TONbKO 
cBoero) KOHCTpykTopckoro 6iopo Ha pea- 
JW3aUMiO OpMrMHanbHblx mugen. 


Yenexw [pywnka 8 co3qaHMu pakeTHO- 
TO OpyKMA NOCTOAHHO OTMEYANNCb CaMbIMM 
BbICOKMMM HarpagaMu. 3umoH 1966 roma 
OH 6bin H36paH YneHOM LK KINCC, 8 uione 
Toro Ke roga cran akagemuxom AH CCCP. B 
Te TObl OH OKAa3aNCA EAMHCTBEHHEIM M3 
Ppa3pa6oTunkoB BOeEHHOM TexHMKH, AOCTHT- 
WMM CTONb BbICOKOTO 3BaHHA. BbicoKoe 
Npw3kaHve ero AMYHOrO BKNaga faBano 
Hemanble npeumyujectBa, KoTOpbie [pywink 
MaKCHMaNbHO Mcnonb30BaN ANA AOCTHKe- 
Hi ycnexos B cBoeM pene. Ero pakeTbl ana 
komnnekcos MBO C-200, camoxogxoro KoM- 
nnekca “Oca” w Kopa6enbHbix KomnneKcoB 
“\ropm” w “Oca-M”, cozqaHHble B 60-x ro- 
ax, 8 TeEYeHMe HECKONbKMX AeCATHNETHA 
6binw BadkHbiMn CocTasnAioMnmn MBO crpa- 
Hbl, ee apMuu H nora. B Te Ke ropbl pake- 
Tol [pywinva CTanM 4aCTbIO CHCTeMbI NpoTH- 
BopakeTHO O6o0poHt! Mockeb! m Mockos- 
ckKOrO NpoMbiwneHHoro paoHa. Vx yHH- 
kKanbHble Ka4ecTBa BO MHOTOM Npegonpene- 
AWA HanpasneHuA pabot no —co3qaHnio 
HOBOrO NOKONEHMA 3EHHTHbIX pakeT. 

Or HoBoro noKoneHua paket [pywinuHa, 
pa3pa6orkKa koTOpbix HaYanacb BO BTOPO 
nonosure 60-x roqos, notpebosanucb He 
Npocto Gonee sbicokve xapakTepucTukn, 
HO M HOBbIe BO3MOXKHOCTH. Ita paboTa, Ha 
KOTOpy!0 yO MONTH NATHAAUAT NET KN3- 
HM KOHCTpyKTopa, CTana NOMCTHHE BbICO- 
4Yaiwum B3netom IpywnHa, 8 oYepeqHOn 
pa3 3acTaBMBliMM 3aMepeTb B M3yMNeHHM 
BeCb “pakeTHbii mup”. 

Paketa, nonyymswan o6o3Ha4eHne 
5B55, npeqvasHayanacb AA ucnonb30Ba- 
HMA B COCTaBe Ha3@MHBIX M KOpaGenbHbIX 3e- 
HMTHbIX PakeTHbIX CHCTeM HOBOTO NoKONe- 
Hua, OGbeAMHeHHbIx O603HaYeHHeM C-300. 
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Nemp Ipyuiun, 1986 2. 
Pyotr Grushin, 1986 


several decades. In the same years, 
Grushin’s missiles became a part of the 
ABM system of Moscow and the Moscow 
industrial region. Their unique features 
have to a large extent predetermined the 
main trends of activities in the develop- 
ment of AD missiles of the new generation, 

There was a strong demand that the 
new generation of Grushin’s missiles, 
which were under development in the sec- 
ond half of the 1960s, had to feature not 
only better characteristics, but the new 
capabilities as well. This work took almost 
fifteen years of Grushin’s life and became 
his highest achievement, which amazed 


the entire “missile world” once again. 

The 5V55 missile was designed for 
employment with the ground and ship- 
based AD missile systems of the new gen- 
eration, designated S-300. Along with the 
solution of technical questions, the 
development of such missile put forward 
the unprecedented requirements con- 
cerning the missile maintenance by the 
minimum number of personnel and 
equipment, depreciation of its in-service 
period. Missiles were supposed to become 
real “cartridges” for the AD systems in 
the true sense of the word — without any 
privileges such as scheduled mainte- 
nance, special storage conditions, stor- 
age temperature and humidity, which 
previously had been provided for the mis- 
siles regarded as special and complicated 
technical items. 

Once again, Grushin refused the tradi- 
tional approaches and made a brave deci- 
sion. By that time, he had already formed 
his own “school” — the team of the like- 
minded experts possessing unique experi- 
ence in missile engineering. The work of 
that team could result only in a victory. In 
fact, Grushin was not entitled to any other 
results. 

The missile for the S-300 system has 
incorporated the most perspective con- 
cepts, technologies of designing and man- 
ufacture. Due to this missile, the employ- 
ment of modern computers has become 
the usual practice in the process of missile 
designing. Grushin was very much inter- 
ested in the computers and paid constant 
attention to them. He used all possible 
ways to provide the designers and engi- 
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Ee co3qanve Bbiseno Ha nepsbiii nnaH He 
TOMbKO TEXHUNECKME XAPAaKTEPUCTUKH, HO MH 
HeBegomble pakee Tpe6oBaHuA no ee 06- 
CAYKMBAaHKIO MUHMMaNbHOW 4YucneHHOC- 
TbiO NepcoHana M KONMYeCTBOM OGopyso- 
BaHMA, NO CHMKEHMIO CTOMMOCTH ee KH3- 
HEHHOFO \MKNa. PakeTbI He TO/bKO Ha Cno- 
Bax QOMKHbI Gin CTaTb “naTpoHaMn” B CO- 
cTape KOMnneKcos. OHM AOMKHbI Gbinn 
CTaTb NaTPOHaMM B NPAMOM CmMbICNe 3TOFO 
cnosa — He Tpe6youMmu Ana ce6n HuKa- 
KX JIbrOT B BUAe PermamMeHTHbIX NPOBEPOK, 
KomdpopTHbix ycnoBuit xpavenua, Temnepa- 
Typ, BNAKHOCTH, KOTOpbIe npexkge nonara- 
JMCb KM Kak 0CO60 CHOKHbIM TEXHM4ECKUM 
w3qennam. 

3necb BHOBb NoTpeboBaNucb OTKa3 OT 
NpMBbI4HOFO M CMenOCTb B BbIGOpe pewie- 
Hui. Ho K 3TOMy BpemeHn y [pywuHa yKe 
6bina “wkona” — KoMaHfa eAMHoMbiuineH- 
HUKOB, BNaheBWaA YHMKANbHbIM ONbITOM 
PakeTHbIx fen. UW pe3ynstatom pa6otbi 
TOW KOMAHAbI MOrna GbITb TonbKO NoGe- 
Aa. Ha apyrod pesynstat [pywnh npasa 
He umen. 

Paketa ana C-300 Bo6pana eB ce6a ca- 
Mble nepcnektuBHble peweHus, TexHONo- 
TMM NpoekTHpoBaHMA M NpoM3BosCTBa, 
VimeHHo c Hee 8 NpakTMKy npoeKTMpoBa- 
HMA pakeT BOwNM COBpemMeHHble IBM. [py- 
WMH 6bin GyKBaNbHO yBneyeH uMH, yAenan 
MM NOCTOAHHOe BHUMaHMe. Bcemu Aoctyn- 
HbIMM ANA Hero Cnocobamu OH AObbIBan He- 
O6xO_MMbIE NpOeKTHpPOBLIMKaM MW KOHCT- 
pyktopam 3BM, koTopbie co BpemeHeM cTa- 
JM OCHOBON ANA CMCTeM aBTOMaTH3MpoBaH- 
Horo NpoeKTMpoBaHuA WM NO3BONMAM B 
Kpat¥aiume cpoku “npocunTbiBatb” TbICA- 
4W Pa3NM4HbIX BaAPMaHTOB CO3faBaBWUXxcA 


paker. Ewe o@Hum npuHyMnuanbHo HoBbIM 
HanpasneHvem 8 paGote “Makena” ctano 
BHeEApeHve YHMKaNbHOM KOMNAeKCHOM CH- 
CTeMbI Ha3eMHOM OTpaboTKH paKer... 

3a co3qanne paketti ana C-300 [py- 
WMH 8 1981 rony 6bIn BO BTOpON paz yAo- 
croeH 3BaHuA Tepoa Counanuctuyeckoro 
Tpyaa. A cBow nocnegHww Harpaay — 
Ceqbmoli oppex Jlexuna — [py nonyyun 


Aom sonoz0 mexnuxa 8 nodmocKoaHbix XumKax, 1990 z. 
House of Young Technicians in the town of Khimki, 1990 


neers with necessary computers that in 
the course of time formed the basis for the 
automated design systems and enabled 
designers “to estimate” thousands 
of options of missile development 
within the shortest period of time. An 
introduction of a unique comprehensive 
system of missile ground testing 
became another fundamentally new aspect 


of the Fakel Engineering Design Bureau 
activities... 

In 1981, for the development of the 
S-300 missile Grushin was honored as a 
Hero of Socialist Labor for the second time. 
In 1986, for the development of the 9M330 
missile he received his last award — his 
seventh Order of Lenin. This missile is 
employed by the Tor self-propelled missile 
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B 1986 rony 3a co3qaHue pakeTbi 9M330. 
Vcnonb3ywuywe ee CaMoxogHbli KOMN- 
nexc “Top” CyxonyTHbIx BOCK M KOpa- 
6enbHbld “KnmHoK” w CeromHA He MMeIOT 
aHanoros 8 mupe. 

3a cBolo KM3Hb Metp Amutpuesus [py- 
WMH CAenan HeBepoATHO MHOrO ANA Coxpa- 
HeHna Ge3zonacHocTn He6a Haweli CTpaHbi M 
wecTugecatn Apyrux crpaH Mpa. flo mep- 
Kam 6ypHoro XX Beka [pywuH npoxkun He- 
BEPOATHO AONTYO KU3Hb — NOTH 88 ner. 
COpOk W3 HUX Bbino OTAAHO “Makeny”, craB- 
wemy Nog ero pyKOBOACTBOM OAHOH u3 Be- 
AyulMx pakeTHbIx CupM MMpa. 

Lennkom norpyxkeHHbiii 8 paboty, OH 
Bce Ke OCTaBancA NPM 3TOM 4YenoBeKOM 
3EMHbIM — C Ype3BbI4aMHO WHPOKMM Kpy- 
TOM MHTepecos, OYeHb 4YTKMM M PaHiMbiM, 
yMeloulMm BYpeTe BOKPyr CeOA DKMBbIX N10- 
ae. meno no3tomy nocne [pyuimna oc- 
Tanca He TONbKO “Maken”. Ewe 8 cepeauHe 
80-x rogoB sce CTpaHe cTan w3BeCTeH He- 
OpaAMHapHel noctynoK [pywuHa, KOTOpDI 
oTjan HaKoOnneHHble MM B TeYeHMe He- 
CKONbKMX AeCATMNeTHA “akanemnyecKne” 
c6epexkeHun Ha noctpoliky B XumKax [joma 
WOHbIX TEXHUKOB. “Imum # OMAN OaHb CB0- 
emy joHOWeCKOMy yaneyeHUIO — asuamode- 
AU3My, U OYeHb xo4y, YMO6bI y MoNOdbIX 
XUMYQH NoABUNOCe GocmotiHoe mecmo Ona 
nodo6uHbix 3aHamuil”, — Tak NPoKOMMeHTH- 
posan [pywuH ceoe pewenne. VW ceroqHa 
wma [pywnHa HeEOTbeMMeMO He TONbKO OT 
Ha3BaHMA BOSMaBNABWerOCA MM NpeANpH- 
ATMA, HO M OT “Metpogsopya”, Kak Hecpop- 
MafibHO HapeKnw KUTeENM XMMOK [JOM IOHbIX 
TeXHMKOB B NaMATb O BbiaOWeMCA KOHCT- 
PykTope w He3aypaqHom Yenosexe [etpe 
Amurpnesnye fpywnne. 


system (the Army) and the Klinok ship- 
based missile system that still have no 
analogs in the world. 

Throughout his life Pyotr Grushin made 
an incredible contribution to the air pro- 
tection of our country and sixty other 
countries of the world. Under the standards 
of the rough 20th century, Grushin’s life 
was incredibly long — almost 88 years. Out 
of them, 40 years were given to the Fakel 
Engineering Design Bureau that under his 
guidance became one of the leading mis- 
sile designing enterprises of the world, 

Even being entirely absorbed in his 
work, Grushin remained a person with 
extremely broad interests; he was a very 
sensitive and vulnerable person able to 
notice the people who surrounded him. 
That is why the Fakel Engineering Design 
Bureau is not the only enterprise that 
remained after Grushin. In the middle of 
the 1980s, the whole country became 
aware of Grushin’s golden deed — he gave 
all his “academic” savings (earned during 
several decades) for the construction of 
the House of Young Technicians in the 
town of Khimki. That was my tribute to the 
hobby I had when I was a young man - air- 
craft modeling, and I want the youth of the 
town of Khimki to have a proper place for 
similar activities, Grushin commented on 
his decision. Today Grushin’s name is 
inseparable not only from the title of his 
design bureau, but also from that of the 
House of Young Technicians informally 
named by the inhabitants of Khimki as 
Petrodvorets (Peter's Palace) in memory of 
Pyotr Dmitriyevich Grushin, an outstand- 
ing designer and an exceptional person. 
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Camonetbi Netpa Amutpvesuya [pywuna Aircraft designed by Pyotr Grushin 


NeexonomopHeiii canonem “Okma6peHox” 
Oktyabryonok light-motor airplane 


i; | Texepanbubii KoHCTpyxtop 11.0. [pywun General Designer Pyotr D. Grushin 


Canonem-wmypmoeux “l-mandem” 
Sh-Tandem attack aircroft 


Pexopdxeiil camonem “Cmane-MAN” 
Stal-MAT record-breaking aircraft 
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Aansuii ucmpe6umens conposoxdenus “Ip-1" 
Gr-1 long-range escort fighter 


Bnunuii Gombapduposuux 6-MAM 
BB-MAI short-range bomber 


e TeHepanbHbii KOHCTpyKTop M1... [pywimn General Designer Pyotr D. Grushin 


XapakTepucTuku CamoneTosB, paspaboTaHHbIx C y¥acTvem uM Nog pykoBogcTBoo M1.f]. Ipywinna 
Aircraft Designed with Participation and Under Supervision of Pyotr D. Grushin (Basic Characteristics) 


Haseanue Aircraft Anuna camonera, 4 Paamax kpuinbes,m — | MowHocTs aewrarena, KBr | BanerHan Macca, Kr Ckopocrs nonera, kM/4 | lanbHocTe nonera, KM 


Overall length, m Wing span, m Engine power, kW Takeoff weight, kg Flight speed, km/h Max flight range, km 


Cranb-MAN Stal-MAI 11.3 18.0 610 320 ao/up to 5000 


Oxta6peHok | Oktyabryonok 6.0 4.12 33 115 340 


W-taHgzem | Sh-Tandem 8.5 685 448 


BB-MAN BB-MAI i 770 550 


[p-1 Gr-1 2x 1030 645 


Modenu camonemoa: Lll-maxdem, 56-MAM, [p-1 
Models of aircraft: Sh-Tandem, BB-MAI, Gr-1 
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MKB “®aken”: nonBeka 
Ha nepefosbix py6exkax 


Fakel Engineering Design 
Bureau: At the Front Line 
for Half a Century 


o3faHHoe nonseka Ha3aq MKB “a- 
Ken” c camoro Ha4ana 6bino copmeH- 
THPOBAaHO Ha CO3AaHne Pa3snM4HbIx 
BUAOB PakeTHOH TeXHMKH H, B NepByO 
ovepenb, 3eHMTHbIX ynpaBnAembIx paker. 
Bce 3TH rogel npeanpuatue BepeT MHTeH- 
CMBHbI NOMCK HOBbIX pewWeHMi, 3aHHMaeT- 


MauiuHocmpoumensnoe KoncmpyxmopcKoe 6iopo “@aken 


Fakel Engineering Design Bureau, main building 
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cA 3KCNepHMeHTaMM, Hay4HbIMM WM KOHCT- 
PyKTOpckumm uccnegoBaHuamn, GepeT Ha 
ce6A pont Augepa BO MHOrMX HanpaBneHHy- 
AX pa3BUTMA pakeTHOM TexHMKH. PaGoran B 
Koonepauun C KOHCTpykKTOpCcKHmH Biopo 4 
NpeANpHATHAMM, NPOMZBOARWMMK paAHo- 
MOKAWMOHHYWO TeXHMKy M CMCTeMbI ynpaB- 


", enasHoe 3danue 


rom the moment it was set up half a 
century ago, the Fakel Engineering 
Design Bureau was oriented at the 
development of versatile missiles and 
rocketry, primarily the air defense guided 
missiles. Within all these years, the enter- 
prise has intensively been working at the 


new design concepts, carrying out experi- 
ments, R&D work, playing a leading part in 
many spheres of the missiles and rocketry 
development. Working in close cooperation 
with design offices and enterprises that 
produce radar equipment and control sys- 
tems, the Fakel Engineering Design Bureau 
has created several generations of AD mis- 
sile systems recognized all over the world as 
the best ones in this field. 

Currently, Fakel is a unique enterprise 
because it amalgamates such spheres as 
design, development of special technolo- 
gies, manufacture and testing, which 
allows the enterprise to create missiles 
and provide their full-scale testing fol- 
lowed by the series manufacture at mini- 
mum costs within the shortest period. 

Solving the most complicated scien- 
tific and technical problems of AD missile 
systems design became possible due to 
the successful work of highly skilled per- 
sonnel of the Fakel Engineering Design 
Bureau. The basis of the enterprise's via- 
bility was formed at the initial stage of its 
activities. At that very time, the head of 
the enterprise Pyotr Dmitriyevich Grushin 
began to carry out an effective personnel 
policy, which allowed him to unite quali- 
fied experts within the structure of his 
enterprise: missile specialists from Design 
Bureau #1, experts from the Experimental 
Aircraft Plant #293 and young experts, 
who graduated from the Moscow higher 
schools — Bauman Moscow State Technical 
University, Moscow Aviation Institute and 
a number of others. 

The combination of experience, tradi- 
tions of aircraft design offices and modern 
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nenus, MKB “®axen” co3zqano HecKonbKo 
NOKONEHMA 3eHMTHBIX PakeTHbIX CpegcTs, 
NpM3HaHHbIx BO BCeM MMpe B KaYeCTBe 
ayswinx o6pazyos. 

HbiHewHaA yHHKanbHOcT’ npeanpua- 
TWA 3aKNiOYaeTCA B TOM, 4TO 39eCb B Opra- 
HMYeCKOM Co4eTaHWM pazBuBaloTcA KOHCT- 
PykTOpcKoe, CneynanbHoe TexHonormyec- 
Koe, NPOM3BOACTBEHHOE M MCNbITaTenbHoe 
Hanpasnenua. 310 AaeT BO3MOXKHOCTb CO- 
3faBatb paketbi H OGecneynBaTb Hx KOM- 
nnekchyo oTpabotky “ nocnepyioujee ce- 
PuiiHOe w3roTOBNeHHe C MMHMManbHBIMH 
(PuHaHcoBbiMn 3aTpatamu HB KpaTYaiWMe 
cpokn. 

Pewelwe cnoxHeiwmx Hay¥Ho-TexHH- 
4eckHx npo6nem 3eHMTHOM pakeTHO! Tex- 
UKM CTano BO3MOXHbIM Gnarogapa ycnew- 
Hoi paGoTe sbicoKoKBannduynposanHoro 
Konnektusa Cneynanucros MKB “@aKen”, 
OcHosbi ero KH3HECNOCOBHOCTH Bbinn 3a- 
MOKEHbI ewe Ha Ha¥anbHOM 3Tane peR- 
TeNbHOCTA KOHCTpykTopckoro 6 0po. 
VimeHHo Tora ero pykosogutenb — Nerp 
Amutpwesuy [pywint cran nposoguts 30- 
hektneHylo Kagposyio nonuTHKy, no3B0- 
AMBWy!O OObeAMHHTe B COCTaBe NpegnpuA- 
THA KBANKHyMpOBAHHbIX CheyHaNHcToB- 
pakeT4ukos m3 KB-1, pabotHukos onbitHo- 
FO aBMaWOHHOrO 3aBofa N° 293 vw mo- 
AOAIX CNeyMAaNncToB, OKOHYHBWHX Moc- 
KoBckne By3bi — MBTY, MAM, MIY, MOU uw 
PAA apyrix. 

Cnnae w3 onbita, Tpagnyunii camonero- 
CTPOMTeNbHbIX KOHCTpyKTOpcKHx 6iopo HM 
COBPeEMeHHbIX 3HAaHM B Chepe pakeTo- 
CTPOeHMA Aan KONNEKTMBY BO3MOKHOCTS 
co3qatb pHpMeHHbI cTunb MKB “Maken”, 
BaxkHeiwel OcobeHHOCTSIO KOTOporo CTrano 


cTpemnenwe cneunanncros npeanpuatna: 

— K QOCTWKeHMIO MaKCHManbHO BbICO- 
KO acekTuBHocTH paket npM ux MMHH- 
ManbHOM CToMMOCTH M NpocToTe B 3KCNny- 
arayun; 

— K MaKCHManbHO BO3MOKHOMY ynoBne- 
TBOpeHHW TpebosaHnn 3aKa34nKa; 

— K pasyMHomy coyeTaHio opurnHanb- 
HbIX KOHCTPYKTOPCKMX M TexHONOrM4eCKHX 
PeweHnii c ye oTpaboTaHHbimn. 

Cnenosanne 3tomy crunio npeanona- 
ano He npocto ucnonHeHve TpebosaHnit 
TeXHMYeCKOrO 3aQaHuA, a PopmupoBaHne 
KoHYenyni mM HanpaBneHHi co3qaHHA WM 
COBePWEHCTBOBAHMA PakeTHOH TeXHMKH Ha 
OCHOBe NOCTOAHHOrO M BCeCTOpoHHero 
W3yYeHMA OTeYeCTBeEHHOrO MH MupoBOrO 
Onbita paketoctpoeHus, ero paynoHnanbHo- 
fo yweTa W npeqBocxMujeHnA TeHpeHunit 
WCNONb3OBAaHMA B CO3MaBAeMbIX KOHCTPyK- 
4uAx paket Hanbonee nepcnekTHBHbIx pe- 
weHui. Mp 3Tom cneyuanuctos “Makena” 
Bcerma OTAMYANM CaMOGbITHOCTb, HeTpagn- 
WMOHHBIE NOAXOAbI K PeWeHHIO CAOKHbIX 
KOHCTPyKTOPCKHx 3afa4, NPMBepKeHHOCTS 
K MPHHATHWO CMenbIX M HOBATOPCKMx pewe- 
Hni, NpoAyMaHHOCTb W O6ocHOBaHHOCTS 
Npw co3qaHMH Kaykgoro 3nemeHta paker. 

Nepstie rogbi npeanpuatne B ocHoB- 
HOM 3aHMMaNOCb CO3QaHHeEM 3eHMTHBIX 
ynpapnnembix paket ana solic MBO ctpa- 
Hbl M aBMa4MOHHBIX ynpaBnAeMbIx pakeT 
Knacca “so3ayx-Boaqyx”. B janbHeiiwem 
pa6orbi no asMayHoHHbim paketam Guinn 
3Ha4MTeENbHO COKpalleHbI, M HanpoTHe, 
OHH WMPOKO pa3BepHynuch no pakeTam 
ANA 3eHUTHBIX KOMNMeKCOB Bock MBO, 
Bolick MBO Cyxonyrubix Bolick, Kopabenb- 
Hbix cpeacte MBO, a takxKe ana cuctem 


knowledge in the sphere of missile engi- 
neering allowed the personnel to create 
the enterprise style of the Fakel Engineer- 
ing Design Bureau. Its main feature is the 
aspiration of the personnel for: 

— achievement of maximum efficiency 
of missiles at their minimal cost and sim- 
plicity in operation; 

— maximum compliance with the cus- 
tomer’s requests; 

- reasonable combination of the 
newest design and technological decisions 
with those previously elaborated. 

This style featured not merely follow- 
ing the requirements of the request for pro- 
posal, but forming the concepts and direc- 
tions in building and modernizing the mis- 
siles and rocketry on the basis of perma- 
nent and comprehensive investigation of 
the domestic and world experience in mis- 
sile engineering, the rational consideration 
of this experience and anticipation of new 
trends, application of the most perspective 
concepts when designing the new types of 
missiles. At the same time, the Fakel experts 
were noted for their original nontraditional 
approaches to solving complex design 
tasks, for their courageous and innovative 
decisions, as well as for reasonable and 
well-grounded attitude to the development 
of each element of the missile. 

During the first years of its existence, 
the Fakel Engineering Design Bureau was 
mainly engaged in the development of AD 
missiles for our country’s Air Defense 
Forces and the air-to-air guided missiles. 
Later on, the works on the air-to-air mis- 
siles were considerably reduced, and the 
Fakel specialists focused on the develop- 


ment of missiles for AD missile systems of 
the domestic Air Defense Forces, for the 
Army AD units, for ship-based AD systems 
as well as for the ABM systems. Significant 
increase of the enterprise's activity 
required the expansion of its structure. 
That is why in the 1960s, the branch 
design offices were set up at series pro- 
duction plants in Moscow and Kirov, and 
technological, manufacturing and testing 
services were developed at a high rate. 

All these facts made for the develop- 
ment of an original design school at the 
enterprise that had not been typical for 
the domestic missile engineering. The 
basic purpose of this school was the devel- 
opment of missiles surpassing the existing 
world analogs. 

The characteristic features of this 
school include: 

— systemic approach, which means that 
every missile is developed as a part of a 
missile system; in this connection, maxi- 
mum attention is paid to the requirements 
of the specialists who are developing the 
missile system. With this aim, the specific 
features of the future system are thor- 
oughly studied and close coordination 
with the missile system engineers takes 
place at all stages; 

~ development of missiles at the high- 
est scientific and technological level that is 
achieved through the forestalling research 
works associated with solving both the 
fundamental and the secondary questions. 
In this respect, the advanced achievements 
in missile engineering are studied and put 
into practice, and constant cooperation 
with the organizations representing 
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NpotmBopakeTHo oGopoHbl. 3Ha4nTenb- 
Hoe paciimpeHne HanpasneHnit Aeatenb- 
HOCTM NpeAnpuatua noTpebosano pacwm- 
PeHmA ero cTpyktypbi. Bot novemy B 
1960-x rogax 6binu o6pa3z0Batbi KOHCTpyK- 
Topckne G6iopo-cpunnanti, Gasuposaswine- 
cA Ha CepMiHbIx 3aB0gax B Mockse u Kupo- 
Be, MOWWHOe pasBuTHe NONyyMNKM TexXHONO- 
TH4eCKHe, NPOM3BOACTBEHHbIE M MCNbITa~ 
Tenbuble cnyK6b!. 

Bce ato o6ycnosuno dopmuposaHue 
Ha Mpeanpwatun pakee He cBolicrBeHHOR 
OTEYECTBEHHOM NPOMBbILINeHHOCTH KOHCT- 
PYKTOPCKOAM WKONbI, OCHOBHOM YenbiO KO- 
Topol 6bino co3qanue paker, npesocxogA- 
Uwx MO CBOMM Ka4eCTBaM MMeBUIMeECA B 
mupe aHanorn. 

K ocobeHHOCTAM 3TOM WKONbI OTHOCATCA: 

— CUCTEMHbIA NOAXOA, NPM KOTOpOM 
kakaan paketa paspaGarbisaerca Kak eAn- 
Hoe Yenoe C KOMNNEKCOM pakeTHOrO Opy- 
KMA, NPHYEM NPW 3TOM MAKCHMANbHO yn 
TbiBaloTCA TpeboBaHMA cO3AaTenei KOM- 
nnexca. C ato UeNbiO BEMeETCA Camoe Tila- 
TenbHoe H3y4eHHe OCOGeHHOCTeli 6yaywero 
kKomnnekca, Ha BCeX 3TaNax ocywjecT- 
BaneTcA TeCHOe B3aMmofeucrene c ero 
paspaborunkamn; 

— BbINOMHeHMe pa3zpaboTKH pakeTbI Ha 
CaMOM BbICOKOM Hay4HO-TeXHM4eCKOM 
yposHe, 4TO AOCTHraeTcA NpoBeAeHvem 
onepexkanunx Hay4HO-nCCNegoBaTenbcKHx 
pa6or, CBAZAHHbIX C PEWEHMEM Kak NPKH- 
\UNWaNbHbIX, TAK M YACTHbIX BONPOCOB. Npu 
3TOM HE TONbKO M3y4alOTCA MW peaNnn3yiOTCA 
Han6onee nepegosble AOCTMKEHMA PaKeTO- 
CTPOCHHA, HO M BEAETCA NOCTOAHHAA COBMe- 
cTHaa pa6ora C opraHw3aunamu W3 pasnn4- 
HbIX OTPacnei HayKM MW NPOMbIWNeHHOCTH; 


Paketbi “®akena” 


— ocoGoe BHumaHue ynenseTca npocto- 
Te w ygo6ctey obcaykneaHna paker B BO;- 
ckax. C 3ToW yenbiO PopmupywTca cooT- 
BeTcrByioune Tpe6osaHua K CMCcTeMaM 
KOHTPONA, K MAKCKMaNIbHO BO3MOKHOM Ha- 
AeKHOCTH, K paspaboTKe MeTOANK BEICTpO- 
fo yctpaveHwa HeMcnpasHocTeli. B KoHeY- 
HOM cY¥eTe no,o6Hblit no~xog no3sonun 
Ccpopmmposare H peanu3zosarb Ha npeAnpH- 
ATMM KOHWeNMIO AOCTMKeHMA rapaHTMpo- 
BaHHOM Hae KHOCTM PakeTHOU TeXHMKH; 

~ co3qaHne KONNeKTHBa eAMHOMbIW- 
NEHHMKOB, COCTOAWIETO M3 BbICOKONPOdec- 
CMOHANbHbIX HW OTBETCTBEHHbIX CneuMannc- 
TOB, OpraHw3ayHA WX APY KHON MW YeneycT- 
pemnexHoi paborei, HanpasneHHod TONbKO 
Ha AOCTMKeHHe Tpebyemoro pesynbTata; 

— Tpe6osatenbHoctb K pykosoquTenam 


Cmapm nepeod senumnod paxems: MKB “®axen” 
Launch of Fakel’s first AD missile 


various scientific and industrial branches 
is simultaneously exercised; 

— special attention is paid to ensuring 
simple and convenient maintenance of the 
missiles. With this purpose, certain require- 
ments are elaborated towards the monitor- 
ing systems, maximum reliability and tech- 
niques of quick correction of malfunctions. 
Such approach has finally enabled the 
enterprise experts to develop and put into 
practice the concept of achieving the guar- 
anteed reliability of missile systems; 

- setting up the collective of like- 
minded colleagues including highly pro- 
fessional and responsible experts; the 
arrangement of their concerted and pur- 
poseful activity aimed at the achievement 
of the required result; 


— exacting attitude to managers and 
executors of all levels, development and 
support of their reasonable initiatives. 

This school of the Fakel Engineering 
Design Bureau was founded and further 
developed by the head of the enterprise 
Pyotr D. Grushin; by the talented scientists 
and product engineers D. Tomashevich, 
N. Zyrin, Ye. Krinetsky, V. Yelagin, G. Bolo- 
tov. There also were such experts as 
I. Arkhangelsky, Ye. Afanasyev, B. Baldin, 
G. Bondzik, A. Dvoretsky, V. Zhestkov, 
G. Gnesin, A. Guzikov, N. Guzikov, F. Izmai- 
lov, V. Isaev, Ye. Iofinov, I. Karamyshev, 
A. Karaulov, V. Kolyaskin, B. Korablev, 
V.Sem. Kotov, V.Serg. Kotov, V. Krapivin, 
Yu. Krasantovich, Yu. Kresteshnikov, 
A. Kruglov, N. Kulagin, N. Kurbatov, F. Ku- 
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M4 WCNOAHMTeNAM BCeX ypoBHeli, pasBuTue 
 NoAAepkka Wx pasyMHOW MHM\MaTHBEI. 
Y wcToKoe co3qaHua M BCeCTOpoHHero 
pa3eutua Ha “Makene” 3ToW wKonbI CToAnM 
PykosoguTens npegnpuatna Nertp Amutpy- 
epu4 [pywnk, W3BeCTHbIe yYeHbIe, KOH- 
CTpyKTOpbl, HHKeHEpbl M OpraHM3aTopbl 
Npow3so,crsa, Takve, Kak J.J]. Tomawesny, 
HT. 3bipwu, EW. KpwHeykui, B.H. Enaruu, 
T.E. Bonoros, a TakoKe Te, 4bM TanaHTbi 4 
CNOCOGHOCTH NONHOCTHIO pacKpbINUce B 
pa6ote Ha “Maxene” — V.M. ApxaHrenb- 
ckni, E,W. Acanacbes, B.M. Bangun, 
0, Boxpsun, P.b. Bannnkos, B.f. Bacet- 
yenKos, [J]. fHecun, A.M. fy3uKos, H.J1. ly- 
3ukos, A.C. fjpopeykuii, B.A. KectKos, 
., V3maiinos, B.N. Ucaes, E.C. Mocpuxos, 
WA. Kapambiwes, A.B. Kapaynos, B.B. Ko- 
nackwu, 6A. Kopa6nes, B. Cem. Koros, 
B. Cepr. Kotos, B.K. Kpanueun, 10.0. Kpa- 
canTosny, 10.B. KpecrewHnkos, A.M. Kpyr- 
nos, H.T. Kynarun, H.. Kyp6atos, ®.C. Ky- 
newos, B.®. Kynewos, M.A. Jio6omyapos, 
B.B, MaHyesuy, B.A. Muapoxu, f.H. Mopo- 
308, B.H. O3zepnHuu, A.B. Menuxosckni, 
6.. Mynkos, M1.£. Cacppouos, B., Ceer- 
nos, A.W. Ceprees, B.E. Cno6oga, A.M. Co- 
Geccknii, [.A. Crahesckni, H.M. CrenaHos, 
B.A. Cronapos, {\.1. Terepun, B.W. Ywakos, 
O.M. Xumanbiy, C.T. Xutenkos, H.f. Wep- 
criok, A.f, Waanak w MHorMe, MHorMe apy- 
ftwe. Bnarojapa ux CamooTBepxKeHHOMy WM 
NOABWKHNYECKOMy TpyAY, CeroAHA MOXKHO 
YBEPeHHO yTBEp Aare, 4TO pesynbraTbl, NO- 
NYYeHHbIe B XOAe CaMOGbITHbIX H OpHrH- 
HaNbHbIx HCCHeAOBaHNiA B TaKMx OONacTAX, 
Kak AuHamuka NoneTa, a3poraz0quHamnka, 
6anauctuka, addektusHoctb, 6oprosbie 
CMCTeMbI ynpaBneHHA M NpMBOAbI, CraTH4e- 


Myzed MK6 “®axen” 
Fakel’s Museum 


ckaa M AMHaMM4eCKaA NPOYHOCTe NeTa- 
TefbHbIX annapatos, NpHKNagHaa MaTeMa- 
Tuka M CneyManbHoe nporpaMMupoBaHie, 
cneywanbHble MaTepvanbi, Ha3eMHaA OTpa- 
Gorka neTatenbHbix annapaTos, HaxOAATCA 
He TOMbKO Ha YPOBHE MMpPOBbIX AOCTMKe- 
Hui, HOM MpeBOCXOAAT Hx NO MHOrMM Na- 
Ppamerpam uw KpuTepnaM. 

Teopyecknii nouck cneywanuctos MKB 
“@aken” no pay Hanpasnexnii npnobpetan 
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leshov, V. Kuleshov, 0. Khimanytch, S. Khi- 
tenkov, M. Lyubomudrov, V.Mantcevich, 
V. Mizrokhi, P. Morozov, V. Ozerinin, A. Pe- 
tihovsky, B. Pupkov, P. Safronov, V. Svetlov, 
A. Sergeev, V. Sloboda, A. Sobessky, 
G. Stanevsky, N. Stepanov, V. Stolyarov, 
N. Sherstyuk, A. Schlapak, D. Teterin, 
V. Ushakov, R. Vannikov, V. Vasetchenkov, 
whose talent and abilities began to flour- 
ish during their work in Grushin’s bureau. 


Due to their self-sacrifice and selfless 
work, today we may confidently state that 
the results received during the original 
research work in such areas as flight 
dynamics, aerogasdynamics, ballistics, 
operational efficiency, onboard control 
systems and drives, static and dynamic 
strength of aircraft, applied mathematics 
and special-purpose programming, special 
materials and ground tests of aircraft are 
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xapakTep nugepcrea. Tak, 8 O6nacTH AMHa- 
MMKM noneta — 3TO nepcnekTMBHbie NpHH- 
uwnbi HaBefeHia Ha Yenb M ynpaBneHua no- 
NeTOM 3HMTHBIX pakeT. B asporaz0qnHaMH- 
ke — pa3BuTve AOCTWKeEHMi OTeYeCTBeEHHON 
v MMpOBOl Hayku B Ccbepe peann3ayuu Tpa- 
AMUMOHHEIX M OpHrHHANbHbIX aszpOAMHaMH- 
yeckux cxem. B 6annuctuke — peanw3ayna 
OpMrMHaNbHbIx TpaekTopHi noneta. B ABH- 
faTenectpoeHu — npnMeHeHne pakeTHo- 
MPAMOTOMHbIX ABKraTeNel ANA 3eHMTHbIX 
paker, cuctem “xonoqHoro” seprukanbHoro: 
crapta. B npon3Boqcree pakeTHoi TexHMkK 
v MaTepwanoBepeHnn — npumeHeHne TeXHO- 
NOrMi, paccyMTaHHbIx Ha KpynHOcepHiiHoe 
 MaCcOBOe NpOH3BOACTBO paxeT, CozqaHHe 
W MpMMeHeHve yHMKaNbHbIX MaTepwanos H 
TexHonorii wx o6pa6orkn. 

B MKB “®aken” snepsbie 6binun npume- 
HeHbI NPHHYMNBI byHKyMOHANbHO-cTOMMO- 
cTHOrO aHanw3a M ONTHMM3a4KM xXapakTe- 
PUCTHK pa3pabarbiBaembix pakeT, 4TO NO3- 
Bonwno obecneyuTb CosqaHne MaKCHManb- 
HO 3¢cpekTHBHBIX CMCTeM NPM MMHMMaNb- 
Hbix 3aTpatax. B pesynerare, K cepeanHe 
1970-x rogos cTano BO3MOKHbIM BHEApe- 
Hwe Ha NpeANpMATHM CHCTeMbI aBTOMaTH- 
3MpoBaHHoro =npoekTMposaHuA paker, 
obecneynswei 3Ha4yMTenbHoe ycKopeHne 
aTHx pabor. 

MKB “®aken” nepsbim BHeapuno: 

— NpHHyMNbl yHHdHKayH pakeT, NO3B0- 
AMBWKE MCNOAb30BaTb yHdMyMpOBaHHbie 
pakeTbl 8 CMCTeMaX M KOMNNeKCAX OpyKHA 
NBO paaznu4Hbix BMA0B BOOPyKeHHbIX CHN; 

— CaMoHaBefeHue paKeT C noMOU\biO 
PaqMonoKayWoHHOK nonyakTuBHOM rono- 
BKM, YTO 3HA4HTeNbHO yBenM4nno Aanb- 
HOCTb AeicTBMA pakeT; 


— KOHCTpyKuMOHHBIe peweHua, o6ec- 
neynsuine Heobxo_umyW0 addektTHsHOCTb 
Revicteua aspoaMHamuMyecknx pynei pa- 
KeTbI NPM pasNM4HbIX BeICOTAaX M CKOPO- 
cTAX ee noneTa — MexaHM3Ma M3MeHEHMA 
Nepegatoxoro 4ncna, NPyKWHHBIX Mexa- 
HM3MOB M pa3pe3HbIX a3POAMHAMMYeCKHX 
pynei; 

— apoqMHamMyeckwe noBepxHOCTH, 
Packpbipaemble nocne crapta pakeTbi, 4TO 
NO3BONWNO 3HAYMTENbHO yMeHbWIMT raba- 
puTbI paket B NPOYeCce Hx xpaHeHHA H Ha- 
xOKAeHHA Ha NyCKOBO ycTaHoBKe; 

— a3poqnHamuyeckywo cxemy “yTKa” CO 
CBOGOAHO BpaujaouMMcA KpbiNbeBbIM 
6nOKOM, 4TO ano BO3MOXKHOCTb 3Ha4n- 
TeNbHO YMeHbWKTb BOSHMKaWOW\Me Napa- 
3MTHBIE MOMEHTbI OT a3pOAMHAaMMYeCKHX 
Cun, a TaKKe YMEHbUMTb MaCcy CMCTeMbI 
ynpasnenna pw coxpakenuu ee acpex- 
TMBHOCTH; 

— xpaHeHne paket 8 TpaHcnopTHo-nyc- 
KOBbIX KOHTeHepax, 8 KOTOPbIX NPOxOAMT 
BeCb UMKA WX CyWeCcTBOBaHMA — OT COOpKH 
Ha 3aB0fe AO nycka; 

— MPMMeHeHHe pasnH4Hbix BMAOB “XO- 
AOAHOrO” BepTHKaNbHOrO CTapTa pakeTb 
W3 TpaHCNOpTHO-nyckoBoro KOHTeMHepa; 

= CUCTeMbI raz0qnHamMyeckoro ynpas- 
NeHMA: fa30BbIX pyneii-3nepoHos, Fa30- 
CTpyiHbix CHcTeM, KoTOpbie OGecne4HBainT 
G6victpbiit BbIBOA pakeT Ha TpaekTOpHiO No- 
neta K Yen W AOCTHKeEHMe MHMHKMANbHON 
6nwKHeA rpaHnyb! 30HbI NOpaKeHHA; 

— NpMHyMn rapaxTHpoBaHHo Hapex- 
HOCTH pakeT, 4TO O6ecne4Mno 3THM TeXHH- 
4eCKM CHOKHBIM BUQaM OpyKMA Npopon- 
XKUTeNbHBIE rapaHTHAHbIe CpOKM Hx Gec- 
NpoBepo4HOH BONCKOBON 3KCNAyaTayMn. 


not just on a par with the world achieve- 
ments, but surpass them by many parame- 
ters and criteria. 

Due to the creative research of its 
experts, the Fakel Engineering Design 
Bureau began to become a leader in a 
number of spheres. For instance, in the 
field of flight dynamics, we should men- 
tion the perspective principles of target- 
ing and flight control of AD missiles. In 
aerogasdynamics, it is the development of 
domestic and world science achievements 
in application of traditional and original 
aerodynamic schemes. In ballistics, it is 
the implementation of nontraditional fly- 
ing paths. In engine building, it is the 
employment of ramjet motors for AD mis- 
siles and cold vertical launch systems. In 
the spheres of missiles manufacture and 
science of materials, it is the application 
of technologies designed for large-scale 
and series production of missiles, develop- 
ment and application of unique materials 
and technologies for their processing. 

The Fakel Engineering Design Bureau 
became the first enterprise to use the 
principles of the function and cost analy- 
sis and optimization of characteristics of 
the developed missiles. It allowed the 
enterprise to develop highly efficient mis- 
sile systems at minimum costs. As a result, 
by the mid-1970s, it became possible to 
introduce the missiles’ automated design 
system that resulted in significant accel- 
eration of the design process at the enter- 
prise. 

The Fakel Engineering Design Bureau 
was the first to introduce: 

- principles of the missiles unification 


that has made it possible to employ the uni- 
fied missiles in AD weapon systems of vari- 
ous armed services of the Armed Forces; 

— homing of missiles with the use of 
semiactive radar homing head that has 
considerably increased the range of the 
missiles; 

- missile design specifications provid- 
ing required efficiency of the missile aero- 
dynamic control surfaces at different alti- 
tudes and speeds, i.e. the gear ratio con- 
trol mechanism, spring mechanisms and 
split aerodynamic control surfaces; 

— aerodynamic control surfaces unfold- 
ed after launch that allowed considerable 
reduction of missiles’ dimensions during 
storage and when fixed on a launcher; 

~ canard aerodynamic configuration 
with free-rotating wing unit that result- 
ed in considerable reduction of para- 
sitic moments from the aerodynamic 
forces, as well as in weight reduction of 
the system control unit while retaining 
its efficiency; 

- missile storage in transporting- 
launching containers where the missile’s 
complete cycle takes place - from its 
assembly at a plant to the launch; 

- different types of cold vertical launch 
from the transporting-launching container; 

- gas-dynamic control system: gas 
vanes (ailerons), jet systems that quickly 
put the missile to a guidance path and 
ensure reaching the nearest range of the 
effective area; 

— principle of guaranteed reliability of 
missiles that provided this sophisticated 
type of weapons with long periods of gua- 
ranteed service life without maintenance. 
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3eHMTHbIe pakeTbI 
ana Bouck MBO 


Missiles for the 
Air Defense Forces 


KB “®axen” (OKB-2) o6pa30BaHo 8 
coorsercraun c MloctakosneHnem 
Coseta Muxuctpos CCCP ot 20 Hon- 
6pa 1953 roga Ne 2838-1201 “O co- 
3QaHnn nepepByyKHon CUCTeMbI 3EHMTHOFO 
ynpasnnemoro paketHoro opyxxuA gna 
6opb6b! c aBMayneli npoTMBHuka” (“Cucte- 
mbi-75”). VMeHHO 3THM OKyMeHTOM Ha no- 
cnegylouyne fecatunetua Sbino onpegene- 
HO MECTO NPeANPMATHA Kak FONOBHOFO pa3- 
pa6orunka 3EHUTHBIX YNPAaBAAeMbIX PakeT 
Ana Bolick NBO. 
B npoyecce pa6orti Haq “Cuctemoi-75", 
a Takke WB fanbHeiwem, npm cosqaHnn 


Paxema 1] na nonuzone, anpenb 1955 2. 
1D missile at a firing range, April 1955 
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3EHMTHBIX PakeTHBIX Cpeacts gna MBO 
cTpatbi, MKB “®aken” TecHo s3ammogeiict- 
sosano c KB-1 (KB “Crpena” — LKB “An- 
ma3” — HMO “Anma3” um. A. Pacnnetuxa), 
cTaswero ronoBHbim paspaGoTunKom cHc- 
Tem MBO. 

Paxeta 1f| ana “Cuctembi-75” ctana 
ceoero pofa Bu3KTHOK KapTOUKON 
MKB “@axen”. Ecnu ycnexy 8 co3qaHnu 
GonbwnHctea 3nemeHToB CHCTeMbI Cnoco6- 
CTBOBaNO WMPOKOe MCNONb3OBaHKe MHO- 
TWX TEXHMYECKHX PeweHni, padee OTpabo- 
TaHHbIx Ha cucTeme C-25, To ANA Toro, 4TO- 
60 co3patb pakery 1/), 8 MKB “®axen” 6bin 


he Fakel Engineering Design Bureau 
was set up in compliance with 
Resolution #2838-1201 of the 
Council of Ministers of the USSR of 
November 20, 1953, On the Development of 
a Mobile Surface-to-Air Guided Weapons 
System Intended for Combating Enemy 
Aircraft (Sistema-75). It was this docu- 
ment that determined the role of the 
Design Bureau as the leading designer of 
surface-to-air missiles for the national AD 
Forces for decades to come. 
In the process of working on Siste- 
ma-75, as well as in the course of develop- 


ing other AD missile weapons for the 
national AD Forces, the Fakel Bureau 
worked in close cooperation with the 
Design Bureau #1 (Strela Design Bureau — 
Almaz Central Design Bureau - Almaz 
Research and Production Association 
named after A. Raspletin,) which has 
become the leading designer of AD sys- 
tems, 

The 1D missile intended for the 
Sistema-75 has become some sort of a rep- 
resentative product of the Fakel Bureau. It 
was the extensive use of many technical 
solutions earlier tested in the S-25 system 
that facilitated the successful develop- 
ment of the majority of the system's com- 
ponents; but in order to create the 1D mis- 
sile, the Fakel engineers developed and 
later successfully implemented a series of 
breakthrough technologies. They includ- 
ed: a two-stage missile scheme with a 
solid-propellant booster and a sustainer 
stage fitted with a liquid-propellant 
engine, an upgraded method of guiding a 
missile to a target, firing a missile at an 
angle from a launcher laid in the direction 
of a target, use of a normal aerodynamic 
configuration of the missile, etc. As a 
result, the missile made by Fakel turned 
out to be half as heavy as the missiles used 
in the S-25 system, while retaining practi- 
cally the same kill zone against aerial tar- 
gets as the S-25 missiles, both in terms of 
range and altitude, 

In December 1957, the first AD missile 
made by the Fakel Engineering Design 
Bureau designated 1D (NATO reporting 
name SA-2 Guideline), was adopted by the 
national AD Forces and the Army Air 
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Beicomneiii caNonem-pasaed4uk RB-570, c6umbidl pakemamu 3PK C-75 8 oxma6pe 1959 2. 
RB-570 high-altitude spy aircraft downed by 5-75 AD system in October 1959 


NpMHAT MB AaNbHeMWeM ycnewHo peanu- 
308aH PAA NepeAoBbix ANA Toro BpemeHH 
TexHM4eckHx peweHni. B Tom Yncne AByx- 
cTyneH¥aTaa cxema pakeTbl C TBepgoTon- 
AMBHBIM YCKOpHTeneM M MapweBOoi cTyne- 
Hbi0 c KPL, ycosepweHcTBosaHHbii MeTog 
HaBefeHMA pakeTbl Ha YeNb, HaKNOHHbIi 
CTapT C HaBOAMMbIX B HaNpaBNeHuu YeNnK 
NYCKOBBIX YCTAHOBOK, HOpMa/lbHan aspopn- 
Hammueckas Cxema u T.q. B peaynbrate, pa- 
keta MKB “®aken”, npw npaktuyeckn opH- 
HakoBow C pakeTod cuctembi C-25 30HOK 
NopaxkeHWA BOSAYWHbIX ene No AanbHo- 
CTH Ww BbICOTe, NONyYHNaCh NOYTH BABOe 
nerue. 

B qexa6pe 1957 roa nepsaa 3eHuT- 
Haa paketa MKB “®aken” nog o603Ha4e- 
Hvem 1f] (SA-2 “Guideline” - no knaccu- 
cbukaynn HATO) 6bina npuHata Ha BOOpy- 
xeHMe Bolick MBO ctpaHbl u MBO Cyxonyt- 
HbIx BOUCK, Mo3xKe Ha NpeA”npnaTun UB ero 
unwanax co3qann pag mogudukayni 


aa 3eHnTHble pakerbI Ana BoncK MBO 


3Tou paxertsi (11f) 13, 209 u T.g.), KoTo- 
pbie HaXOAHANC M HaxXOpATCA Ha BOOpyKe- 
HMM AeCATKOB rocyfapcTe Mupa. B HeKOTO- 
Pbix crpavax — Kurae, Erunte, Upane u 
Apyrux — TakKe NPOBOAMNACb ee MOAepHH- 
3ayna. 

Paketb! Komnnekca C-75 nepsbimu 6 
Mupe nopa3unn peanbHoro Bo3p~ywHoro 
npotwsxnka. Bnepsbie 3To npon3owno 
7 oxta6pa 1959 roga 8 Hebe Haq Kutaem, 
Kora 6bin COuT BbICOTHbIN CamoneT-pa3- 
segunk RB-57D. 

A 1 man 1960 roga okono ropoga 
Ceepanoscka 6bin c6utT amepMKaHCKnii Ca- 
moneT-pa3eequnk “JloKxng” U-2 c nunotom 
®.F. Mayapcom. 

Apkow crpaxuyed 8 Guorpadun paket 
Komnnekca C-75 crano mx Mcnonb3oBaHne 
BO BpeMA BOMHbI BO BbeTHame. Tam, HayHHan 
c 24 mona 1965 roga, umn Opin yHuyTooKe- 
HbI TLICAYM AMePHKAHCKHXx GombapgupoBLyn- 
KOB, WTypMoBHKOB M McTpebuTenelt. 


Defense. Later, a series of modifications of 
the missile were developed by the Fakel 
Bureau and its subsidiaries; the 11D, 13D, 
20D and other versions have been in serv- 
ice with dozens of countries worldwide. 
Some countries, such as China, Egypt, Iran, 
etc. have also upgraded this missile. 

The S-75 system missiles were the first 
missiles in the world to have engaged a 
real enemy aerial target. It first happened 
on October 7, 1959, in the airspace of 
China, when a RB-57D high-altitude spy 
aircraft was downed. 

On May 1, 1960, the Lockheed U-2 spy 
aircraft piloted by F. Powers was downed in 
the Sverdlovsk area. 

Another bright chapter in the history 
of the S-75 system missiles was their per- 
formance during the war in Vietnam. 
Starting from July 24, 1965, these missiles 
destroyed over a thousand US bombers, 
fighters and attack aircraft in Vietnam. 

The 5V24 two-stage solid-propellant 
short-range missile (NATO reporting name 
SA-3 Goa), the development of which 
began in 1956, has become equally far- 


famed. Originally, the missile was designed 
for the M-1 shipborne AD missile system. 
However, later a decision was made to use 
the missile as a prototype for a unified AD 
missile intended both for the M-1 ship- 
borne system and for the S-125 mobile AD 
missile system used by the AD Forces. 

Attaining such a complex objective 
became possible due to the use of exclu- 
sively solid-propellant engines for this 
missile, as well as to a significant downsiz- 
ing of the missile itself. The latter was 
obtained by mounting on the missile 
booster the stabilizing fins that would 
unfold after launch. Simultaneously, the 
Fakel designers managed to make the mis- 
sile compatible with shipboard and ground 
guidance and control systems, with launch 
mounts, as well as with other types of 
equipment and support devices. 

The 5V24 missile that entered opera- 
tional service in June 1961, was later 
repeatedly upgraded. Its different ver- 
sions were successfully used during the 
hostilities in Vietnam and in the Middle 
East. They have been very highly praised 
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Camonem-paseedvux “Sloxxud” U-2, c6umbiii 6 Mae 1960 2., u e20 o6nomKu Ha ebicmaeKe 6 Mockse 
Lockheed U-2 spy aircraft downed in May, 1960, and its fragments exhibited in Moscow 
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Cronb Ke WMpoKylo M3BeCTHOCTS Nony- 
4wna AByXCTyneHYaTaa TeepgoTONAMBHaA 
Paketa manoii fanbHocTH 5B24 (SA-3 “Goa”— 
no KnaccuduKaynn HATO), co3zqaHve Ko- 
ToOpow Hayanocb B 1956 ropy. UsHayanbHO 
aTa pakera paspaGarbiBanacb Ana Kopa- 
GenvHoro 3PK M-1, omHako no3xe 6bino 
NPMHATO peweHHe O CO3MaHMM Ha ee OC- 
HOBe YHUMUMPOBaHHO 3eHMTHON pake- 
Thi, KOTOpan MOrna Bbi NPAMEHATECA Kak B 
coctase Kopa6enbHoro Komnnekca M-1, 
Tak MB CocTaBe NepegsmxKHoro 3PK C-125 
Bolick MBO. 

Pewenve cTonb cnoxKHOH 3aQa4n Crano 
BO3MOXKHbIM Gnarogapa MCnonb30BaHHW Ha 
3To pakeTe TONbKO TBepAOTONAMBHEIX 
ABMraTeNbHbIX yCTAHOBOK, a TakwKe — 3HA4M- 
TeNbHOMy YMeHbUWeHHIO rabapuToB CaMoi 
paketbi, Ana Yero 6binM NpuMeHeHbI pac- 
Kpbigaembie nocne crapta cra6unu3aropbl, 
ycTaHoBneHHbie Ha ycKopuTene pakeTbi. 
fpw 3tom KoHctpyktopam MKB “®aken” 
yaanoce o6ecne4nTb COBMeECTMMOCTb pake- 
Tol C Ha3eMHbIMH M KOpabenbHbiMM CHCTe- 
MamM HaBegeHna M ynpaBneHna, nyckoBbi- 
MM yCTaHOBKaMM, pasnH4Hbim O6opynosa- 
HMeM M BCNOMOraTenbHbIMM CpecTBaMH. 

Npwuatan Ha BoopyKeHne B HOHE 
1961 roga paketa 5B24 8 janbHeiwem He- 
OfHOKpaTHo MopepHusMpoBanace. Pasnny- 
HbIe €@ BapMaHTbI C YCNEXOM NPHMEHANMC 
8B 60eBbIx AelictBMAX BO BbeTHame w Ha 
BrwxHem Bocroxe. OHw nonyyunn camyio 
BbICOKYIO OUHKY BOEHHDIX, TeEXHMYeCKHX 
Cneumanncros, Aa M MUpHbIX KMTeNeN, No- 
cneAHMM NO BpeMeHM CTaNo Mcnonb30Ba- 
Hive 3THx pakeT npu OTpaxkKeHMM BO3AYWHOR 
arpeccun npotus Hrocnasun 8 1999 ropy. 
Oanum W3 CaMbIX 3€NOMHMBWMXCA 3NK30- 


36 


AB TOM BOMHEI Gino yHu4TOXKeHHE pake- 
Tow 3Toro Tuna uctpe6utena F-117A, co- 
3aHHOrO C Mcnonb30BaHHeM TexHOnorMn 
“Crenc”. 

Paketa 5B24 (kak 4 ee MoquduKaynn), 
co3faHHaa Ha Ga3e TexHMyecknx peweHnii, 
oTpa6oTaHHbIx ANA NepBbIxX OTEYECTBEHHBIX 
3EHMTHBIX pakeT, 3KCNAYaTMpyeTCA yKE B 
TeyeHne HECKONbKHX AecATHneTHi. V Tem 
He MeHee, NO CBOMM 3KCHAyaTayMOHHeIM 
Noka3aTenAaM OHa NpHeMnema ANA Mcnonb- 
30BaHMA B COCTaBE COBPeMeHHbIX CpeqcTe 
NBO. 310 o6ctontenscrBo no3Bonser B Ha- 
CTomujee BpemA BeCTH paboTbI NO ee MO- 
AepHuzayMn ANA nopAepxaHnA Goesbix 
Bo3moxKHocTei 3PK C-125 Ha ypoBHe, Ko- 


Paxemp) 3PK C-125 
Missiles for S-125 AD missile system 


by military and technical experts, as well as 
by the civilians. The latest employment of 
these missiles took place in 1999 when 
repelling the air aggression against 
Yugoslavia. One of the most memorable mo- 
ments of that war was the downing of a 
F-117A Stealth fighter by this type of missile. 

Just as its modifications, the 5V24 
missile, based on the engineering solu- 
tions that had been tested in the first 
Soviet-made AD missiles, has been in oper- 
ation for several decades. Nevertheless, its 
performance characteristics make the mis- 
sile quite acceptable for use with the AD 
Forces. This has made it possible to con- 
tinue upgrading the missile even nowa- 


days, thus maintaining the S-125 AD mis- 
sile system's kill potential at a level that 
conforms to the present-day requirements 
of combating air attack weapons. Today, 
Fakel implements a program aimed at 
upgrading this type of missiles, which will 
make it possible to increase the efficiency 
of their use against aircraft, helicopters 
and high-precision missile weapons, both 
modern and the ones currently under 
development. 

Research into the implementation of 
ramjets for the 17D, 18D and 22D AD mis- 
siles conducted in the 1950s and 1960s, 
has left a noticeable mark in Fakel’s histo- 
ty. The Engineering Design Bureau became 
a trailblazer in using ramjets for the 
abovementioned type of missiles. 

The first launch of the 17D two-stage 
missile fitted with a solid-propellant sus- 
tainer ram rocket engine designed by the 
Fakel specialists, took place on January 23, 
1960. In the course of flight tests, the 
missile with a working sustainer achieved 
a maximum speed of Mach 3.7. 

A number of innovative - for that 
period of time - configuration solutions 
were implemented in the design of the 
18D. In particular, its rocket-assisted 
take-off motors, made of magnesium 
alloys, were housed inside the rocket- 
motor tube and served as supplementary 
propellant for the engine. 

The subsequent work along these lines 
resulted in the creation of the 22D three- 
stage missile. The missile was fitted with 
an engine pack consisting of four ramjets, 
including both the  solid-propellant 
(designed by Fakel) and the liquid-propel- 
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Topbiii OTBeYaeT COBpeMeHHbIM TpeboBaHu- 
am Gopb6bi Co cpeAcTsamM BO3AYWHOTO Ha- 
nagexua. Ceiyac 8 MKB “®aken” sbinon- 
HAeTCA NporpamMa MofepHH3aynn paket 
3TOro THNa, YTO NO3BONMT NoOBbICMTb 3q)- 
cbekTHBHOCTb Mx MCnonb30BaHKA npoTHB 
COBPeMeHHbIX M NepcneKTHBHbIX CaMone- 
TOB, BEPTONETOB M BbICOKOTOYHbIX pakeT- 
HbIX CpegcTs. 

3ameTHbih cneg B uctopun MKB “®a- 
ken” B 1950-e — 1960-e rogbi ocrasunn uc- 
CNeAOBaHWA NO VCNONb30BaHMWO B 3eHMT- 
HbIx paketax 17f], 18f), 22f] paxetHo-npa- 
MOTOYHBIX ABUTaTeNbHbIX yCTaHOBOK. 
Npeanpwatve crano nvoHepom B obnactu 
VCNONb30BaHMA NOAOGHEIx ABMraTenen ANA 
paket AaHHoro Knacca. 

23 sHBapa 1960 roga cocroanca nep- 
Bb NyCK AByXCcTyneH4aToM pakeTb 17f, 
OCHalleHHOM MapuwieBbIM TBepAoTONAMB- 
HbIM PaKeTHO-NPAMOTOYHBIM ABHraTeneM, 
Ppa3pa6oraHHbim cneywanuctamu “@ake- 
na”. B npoyecce neTHbIx ucnbITaHMi paKke- 
Ta C pa6otaiouMm Mapwesbim ABuraTenem 
Rocturna cKopoctn 3,7M, 

B paxete 18/] 6bin peanu3zo0BaH pag HO- 
BaTOPCKMX — NO TOMY BpeMeH — KOMMOHO- 
BOYHbIX peweHnit. B YacTHOCTH, ee CTapToBble 
yckopuTenn, n3roTasnnBaBwneca 43 MarHHe- 
Boro cniaBa, pa3MeWaNuch BHYTPM KaMepbI 
PaKeTHO-npAMOTOYHOrO ABMraTeNA M CHyKM- 
JM JONOAHHTeNbHBIM rOplONHM AIA Hero. 

NMpogonxenne pabot 8 atom Hanpas- 
AeHMM NpMBeNO K CO3AaHMWO TpexcTyneH- 
yarou pakerbt 22/), Koropan 6bina ocHawe- 
Ha 6n0KOM M3 YeTbIPex pakeTHO-NpAMOTOY- 
HbIX ABMraTenei, Kak TBeEPAOTONAMBHbIX 
(paspa6otaHHbix 8B MKB “®aken”), Tak w 
KMAKOCTHBIX (paspaboTKH KB M. Boxga- 


Paxema 3PC C-2 


Missile for -200 


PocculicKoul Ap 


m in the 


ploka). Ha ucnbiTaHMAx, NPOBOAMBWHXCA B 
cepequue 60-x rogos, paxeta 22/] goctur- 
fa ckopoctw 4,8M, 4To Ana Toro BpemeHH 
ABNANOCh 3HAYMTENBHBIM AOCTHKEHKEM, 
Ewe ogva BaKHaA Bexa B MCTOpMH Npep- 
NpwaTHa — Co3qaHwe paket ANA CHCTeMbI 


3eHMTHbIe pakeTbI ANA BOCK MBO 


lant ones (designed by the M. Bondaryuk 
Design Bureau). In the course of the test- 
ing held in the mid-1960s, the 22D missile 
achieved a maximum speed of Mach 4.8, 
which was a considerable achievement at 
the time. 


Another important milestone in the 
history of the Fakel enterprise is the devel- 
opment of missiles for the 5-200 long- 
range system. A pressing demand for such 
system arose in the late 1950s, with the 
advent of thermonuclear weapons and 
intensive development of missiles and 
First of all, the 
research into the missile intended for the 
S-175 mobile system was carried out. The 
study made it possible to establish the 
core technical prerequisites that allowed 
solving the complex scientific-technical 
and engineering tasks posed by the devel- 
opment of a long-range AD missile. These 
tasks were carried out in full in the 5V21 
missile designed for the S-200 system. 

In compliance with the original speci- 
fications, the missile was supposed to 
engage aerial targets beyond the range of 
150 km and moving at a speed of up to 
3,500 km/h at altitudes of up to 35 km. To 
make it able to engage targets at such dis- 
tances, it was decided, for the first time in 
the history of national missilery, to use 
semiactive radar homing guidance. A num- 
ber of other innovative technologies were 
also used. 

The 5V21 (SA-5 Gammon) missile that 
entered operational service in February 
1967, allowed the national AD Forces to 
reach a qualitatively new level. The devel- 
opment of the long-range missile and its 
later modifications with the effective range 
of up to 300 km became one of the main 
factors that brought about changes in aeri- 
al operations tactics, which was vividly 
demonstrated in the military conflicts of 
the 1970s and 1980s. 


supersonic aircraft. 
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6onbwow ganbHoctu C-200. NMotpe6xocte B 
Tako CMCTeMe BO3HUKNa M NpHobpena oco- 
6ylo akTyanbHOCTb 8 KOHYe 1950-x rogos, c 
NOABNEHMEM TepMOAAePHOrO OPyKMA M MH- 
TeHCHBHbIM Pa3BMTMeM CBEPx3ByKOBON 
aBMayMn MW ynpaBnaembix paket. Mpexge 
Bcero 6binM npoBefeHbi MccnepoBaHHA No 
PakeTe ANA nepegsyKHou cuctemb! C-175. 
OHH NO3BONMAM BbIABHTh OCHOBHbIE TEXHM- 
4eckwe npegnocbinkw, Ha 6a3e KOTOpbIX 
cTan BO3MOXKHbIM nepexog K peweHHio 
CNOKHbIX Hay'4HO-TEXHMYECKHX HM KOHCTPYK- 
TOPCKMX 3a|a4, CBAIAHHBIX C CO3AaHMeM 3e- 
HUTHOM pakeTb Gonbwod AanbHocTH. B non- 
HOM O6beme 37H 3aya4n Gbinn peanu3z0BaHbl 
8 pakete 5B21 ana cuctembi C-200. 

B cootserctaun C nepBoHaa/bHbiMK 
Tpe6opaHnamu, paketa AonmHa 6bina no- 
paxkaTb BO3AyWHbIe Yen, HAXOAAM\MECA Ha 
AaNbHOcTAX CBbIWe 150 KM MW ABHraloWMecA 
co cKopoctamu Ao 3500 KM/Nac Ha BbICO- 
Tax Ao 35 KM. {Ina nopaxkenuA yenei Ha Ta- 
KO faNbHOCTH BNepsbie B NpakTHKe OTe- 
YecTBeHHoro paKeTocrpoeHua 6bino npH- 
MeHEHO CaMOHaBepeHve C NOMOLbIO pa- 
AMONOKAKMOHHON NonyakTHBHOK ronoBKH. 
OgHospemeHHo 6bin wcnonb30BaH WM PAA 
Apyrux HoBwecTB. 

[pvatan Ha BoopyxKeHne B cbespane 
1967 roga paketa 5B21 (SA-5 “Gammon”) 
no3Bonuna BolicKam MBO crpaHbi pocTH4b 
Ka4eCTBeHHO HOBOrO ypoBHA. Co3qaHne 
AanbHOGoAHON pakerbi M ee Nocneayiounx 
MOANMKAuNiA, MMEBLIMX aNbHOCT pelicT- 
BUA AO 300 KM, — OAMH M3 MnaBHbIx pakTo- 
PoB, 3ACTABMBWUMX M3MEHHTb TaKTHKY BO3- 
AYWHBIX ONepayni, 4YTO HarnAQHO Npopfe- 
MOHCTPHpOBaNM BOeHHbIE KOHONMKTHI 
1970-x — 1980-x rogos. 


Pakertbi “Makena” 


Mycoeas ycmanosxa 3PC C-300NMY c paxemamu 48H6 
}OPMU AD missile system launcher with 48N6 missiles 


B Hon6pe 1991 roga oguH u3 BapMaH- 
TOB 3TOK pakeTbi Cran Nepsod B MMpe pake- 
Toii-na6oparopueli, Ha Gopty KoTOpol Gein 
vicnbiTaH nepebiii 8 Mupe BOAOpOAHbI rH- 
Nep3BykKOBOK NPAMOTOYHBIN BOSAYWHO-pe- 
AKTMBHbI ABMTaTeNb, CO3MaHHbIA Cneuna- 
nuctamu LledTpanbHoro MHCTMTYyTa aBMaliK- 
oHHoro MoTopoctpoenua (L|MAM). 


In November 1991, one of the missile’s 
versions became the first in the world 
laboratory missile used to test the world’s 
first hydrogen scramjet designed by the 
Central Institute of Aviation Motors 
(Russian acronym TsIAM) specialists. 

The 1970s and 1980s became the time 
when Fakel conquered new heights in 


technology. It was then, that the Fakel 
Bureau developed a series of unified AD 
missiles intended for use with the S-300P 
(SA-10 Grumble) and the Rif shipborne AD 
missile systems, as well as with their later 
modifications. These missiles are the most 
outstanding representatives of a new gen- 
eration of AD missile weapons. 
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1970-e — 1980-e rogei ana MKB “®a- 
Ken” — BpeMA WTYpMa HOBbIX BepwHH. 
VmeHHo Torja Ha npegnpuatuu co3qaHa 
CepMA YHMMUMpPOBAHHbIX 3eHHTHBIX pa- 
KeT, NpeqHasHayeHHbIx ANA HCNONb30Ba- 
Hua B coctase cucrembi MBO C-300N 
(SA-10  “Grumble”), | kopa6enbHoro 
3PK “Pu” w ux nocnegyiounx Mo_nduKa- 
uit, 3TH pakeTbl — HaMGonee ApKue npeg- 
crasMTenw HOBOrO NOKONeHMA 3eHMTHOTO 
pakeTHoro opy ka. 

B npoyecce co3qaHua pakerb! 5B55 — 
Nepsoi B 3TOM Cepuu — Ha npegnpuaTun 
ty60ko npoaHann3uposann Becb npepbi- 
AYWM OnbIT, y4NM TeHAeHuMM pa3zBHTHA 
pakeTHOM TexHHkM B Mupe. MposegeHne 
3Ha4uTeNbHOrO OObema MCCNeAoBaHNi no- 
TpeGosanocs ANA Toro, 4TO6bI CO3qaTb pa- 
KeTy, MMeWOWyIO: MAHMManbHoe Bpema pe- 
aKuMH; NOBbIWeHHyIO GoeroToBHOCTb; Mu- 
HuManbHyl0 GnwkHiOW rpaHnuy Nycka; BbI~ 
CoKyO NOMexO3auMueHHOCTb; cnocob- 
HOCTb BBINOAHATS CBOM CyHKYMH B NW6bIX 
NOFOAHbIX MW KNMMATHYECKHX ycnoBKAX; 
MaKCMMaNbHYy!O CKOPOCTPeNbHOCTb; BbICO- 
kyl 3KChAyaTa4MOHHyIO HafexKHOCTb; npo- 
cyl cucTemy nepe3apaaKn. O6nagaa ace- 
MM 3TMMM Ka4ecTBaMM, pakeTa AOMKHa Obi~ 
Na TaKXKe ONTMMaNbHO OTBeYaTb TpeboBa- 
HMaM KpynHOcepnitHoro npoM3BoqcrBa. 

Coaqanne pakerti, obnaqaiowen cronb 
Pa3HOpoAHbimu, a 3a4actyi0 WM NpoTHBOpe- 
4MBbIMM CBOiCTBaMM, NoTpeGoBano nepe- 
CMOTpa yKe YCTOABWIMXCA NOAXOAOB K Npo- 
eKTHPOBaHMWO 3EHMTHBIX PakeT, BCECTO- 
PoHHero KpHTMYecKOrO aHann3a 3THx Nop- 
XOQ08, WCNONb3OBaHNA NPMHYMNMANbHO 
HOBbIX TeEXHMYECKMX, KOHCTPYKTOPCKHX M 
TexHonorMyeckux peweHnii. OAHKm 13 


BaKHEMWMX AOCTHKEHMA CTaNo co3faHne 
‘TpaHCnopTHo-nyckoBoro KOHTeHepa (TMK) 
ANA pakeTbl, B KOTOPOM NpOxOAMT BeCb 
YMKA ee CyuyecTBOBaHMA — OT C6OpKH Ha 3a- 
Bone qo nycka. VUccnegosas sce sugbi 
ctapta “3 TMK, “®axen” nposeun ce6a 
NOAAMHHbIM NMOHEpOM, NpMMeHMB KaTa- 
nynbTupyioujee ycrpoiicrso ana o6ecneye- 
HMA BEPTHKANbHOFO CTapTa pakeTbI M3 KOH- 
TeiHepa. UmeHHo TaKoi Cnoco6 nycKa 6bin 
Bbi6paH ana 5B55 u ee nocnenywuynx Mo- 
Andukauynii. 

Oco60 cneayer ormeTuTb snepsbie 
peanw30BaHHbIi B OTeYeCTBeEHHON paker- 
HOH TexHMKe NpHHuMN OGecneyeHnA ra- 
PaHTMpoBaHHOM HagexKHOCTH pakeTbl B 
TeyeHne Bcero cpoka GecnposepowHon 
3KCNAyaTayuu B BOUCKAaX M Ha dnote. 

B 1979 rogy 5B55 npunata Ha Boopy- 
»KeHHe. ITO COBbITHe CTano Ha4anom pagn- 
KanbHoro nepesoopyxeHuA Bolick MBO 
CTpaHbl. Bo3moxHoctw Bolick MBO ewe 
Gonbwe Bo3pocnH nocne npMHATHA Ha BO- 
opykeHne B Ha4ane 1990-x rogos cneaywo- 
wed 3eHMTHOK ynpasnaemod paxeTti, pa3- 
pa6otaHHoi 8 MKB “®aken”, - 48H6. No 
cBoed KOHCTpykunn 48H6 axHanorm4Ha 
5B55, umeer npaktwyecku pasHble c Hei 
ra6apwtei w maccy. floctarouHo cka3arb, 
4TO ANA ee 3KCNnyaTayMM MCNONb3yeTCA 
4nannapnyecknii TMK Tex xe pa3mepos. 
Oauako xapaktepuctukn 48H6 3Ha4uTenb- 
HO bile, YeM y NPeAWeCTBeHHMYBI: NOYTH 
8A80e BOIPOCNa AaNbHOCTe NoneTa, ysenn- 
4UnaCh IPekTHBHOCT NOparkeHMA CaMbIX 
pa3Hoo6pa3Hbix Yeneii, B TOM 4MCNe TaKTH- 
4ecKHx M OnepaTHBHO-TaKTHY4eCKHX bannn- 
CTM4eCKMX paket. 


In the course of creating the 5V55 
missile — the first one in this series - the 
Fakel specialists carried out a thorough 
analysis of all previous experience and 
took into account the current trends in 
the missilery development. Considerable 
research was required to develop a missile 
featuring minimum response time, advance 
readiness, minimum close launch zone 
limit, high jamming immunity, all-weather 
and all-climate operability, maximum rate 
of fire, high operational dependability, and 
simple reload procedure. Besides, the mis- 
sile was supposed to be perfectly suited for 
mass serial production. 

The development of a missile possess- 
ing such dissimilar, and even conflicting 
characteristics required that traditional 
approaches to designing AD missiles be 
subjected to a comprehensive critical 
analysis and revised. Fundamentally new 
technical, design and engineering solu- 
tions were to be used. One of the most sig- 
nificant achievements was the develop- 
ment of the transporting-launching con- 
tainer in which the missile is kept 
throughout its entire life cycle - from the 
assembly to the launch. Fakel proved to be 
a genuine trailblazer, once it was decided 
to use a catapult to accomplish a vertical 
launch of a missile from the container. 
This is the launch technique that was cho- 
sen for the 5V55 and its later modifica- 
tions. 

One should specially note the princi- 
ple of guaranteed reliability of the missile 
throughout the entire period of its service 
life in the Army and the Navy, when the 
missile does not require any maintenance. 


For the first time in the national missilery 
this principle was incorporated in the 
design of the 5V55. 

In 1979, the 5V55 was adopted for 
service. This marked the beginning of a 
major rearmament of the national AD 
Forces. The potential of the AD Forces 
increased even more, when another AD 
missile designed by Fakel, the 48N6, 
became operational in the early 1990s. In 
terms of design, the 48N6 is similar to the 
5V55: overall dimensions and weight of 
the two missiles are virtually the same. 
Suffice it to say that the 48N6 uses a cylin- 
drical transporting-launching container 
with similar dimensions. At the same time, 
the 48N6 can boast of much better per- 
formance characteristics than its prede- 
cessor: its flight range has expanded 
almost twofold, and its kill effectiveness 
against various types of targets, including 
the tactical and theater ballistic missiles, 
has also increased. 
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3PK C-75. 3eHutTHaA ynpasnaeman paketa 19) 


S-75 AD missile system. 1D guided missile 


eHMTHaA ynpaBineman paketa cpeA- 

Hei QanbHocTw 1f) npeqHa3HayeHa 

ANA nopaxkeHnA pasnMyHbix cpeqcTe 

BO3AYWHOTO HanageHHA: CamoneToB 
cTpaterm4eckolt m TakTH4eCKOn aBMaynn — 
8 WHPOKOM AManazoHe ycnoBHi Hx 6oeBO- 
ro npumeHeHna. 

1f] npeactasnaet co6oi pByxcryneH- 
aryio pakery, BbINONHEHHY! NO HOpManb- 
Holt aapoqMHamnueckoii Cxeme, C ycraHoB- 
ACHHBIMM B NepeAHe YacTH pakeTbI AecTa~ 
6unu3zatopamn, 

Crapt pakeTb! — HaKNOHHblii, C nycko- 
BOM yCTaHOBKM, HABOAMMON No yrny MW a3H- 
myty mecta. YnpapneHue nonetom u HaBe- 
AeHHe Ha YeNb OCyUyeECTBNAWTCA NO pagno- 
KoMaHAaM, KOTOpbie nocTynaioT OT Ha3eM- 
HOW CTaHyMu HaBeneHna. Noppeis Goesoi 
4acTH NpoM3BOAHTCA NPM NogMeTe K Yen 


no KomaHpe paqwos3pbisatena nu6o no 
Komanfe, noctynajmuel oT Ha3eMHOi 
CTaHuMM HaBeneHMA. 

Nepean ctynexb 1f] — Tsepgotonnus- 
Hbid pakeTHbIM ABHraTeNb C yCTaHOBNeH- 
HbIMM Ha HeM CTaGmnu3aTopamM, BTOpaR 
CTyMeHb OCHaleHa %KMAKOCTHOM ABMra- 
TeNbHOl yCTaHOBKON C HACOCHON CucTemon 
noga4n KOMNOHeHTOB TOnAMBa B ABHra- 
Tenb. KoHCTpykTHBHO MapweBaA CTyNeHb 
1f] coctout w3 paga OTCeKoB, B KOTOpbIX 
PacnonoxeHbi: paqnoB3pbiBarenb, OCKO- 
NO4HO-dyracHaa 6oesaA 4acTb, 6noKn 
6optosoi annapatypei, Gakn c KoMNOHeH- 
TaMM TONAMBA, KMAKOCTHBIN pakeTHBI 
Aswratenb, arperats! ynpasneHua pynamn 
pakeTbi, NPMeMHMK KOMAaHA ynpaBneHna. 


he 1D medium-range missile is 

intended to engage various air 

attack weapons including strategic 

and tactical aircraft in a wide range 
of their combat use. 

The 1D is a two-stage missile employ- 
ing a normal aerodynamic scheme with 
canard surfaces mounted in the fore part 
of the missile. 

The missile is fired at an angle from a 
launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from a 
ground guidance radar. The warhead is det- 
onated in proximity to the target either by 
a command from a radar fuze or by a com- 
mand from a ground guidance radar. 

The first stage of the 1D is a solid- 
propellant rocket engine with stabilizing 


fins; the second stage is fitted with 
a liquid-propellant pump-feed engine. 

Structurally, the sustainer stage of the 
1D missile consists of a number of sections 
housing a radar fuze, a HE fragmentation 
warhead, onboard equipment units, pro- 
pellant tanks, a liquid-propellant rocket 
engine, missile control surface actuators, 
and a control command receiver. 


Fakel’s Missiles 


Paxema 1/] neped nepasim nyckom, anpenb 1955 2. 
10 missile before its first launch, April 1955 
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+ Nodzomoska paxempi 1/] x ucneimanuam 
1D missile prepared for tests 


2. Nodzomoexa x sapamanui nyckosod ycmanosKu 
Launcher ready for loading 
3. Mozpysxa paxeme 1/1 4a mpaxcnopmuyn mawuny 
Loading 1D missile on the transportation vehicle 
| 4. Paxema 14 4a nonuzone 
10 missile at a firing range 


5,6,7. Cmapm paxemsi 1 
Launch of 10 missile 
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3PK C-75. 3eHutHaa ynpaBnaemaa paketa 119) 


S-75 AD missile system. 11D guided missile 


<a lod 
5 


anbHeiwee pa3zeutwe pakerbi If]. 
OcHoBHbiM HanpasneHuem mogepHn- 
3auMn pakerbi CTano ysenu4eHne TA- 
Wee MapweBod ABuratenbHon ycta- 
HoBKH. 3TO No3BONMNO yBeNHYMTb 
30HY NopaxkeHHA BO3sAYWHBIX Yene no 
AANbHOCTH H BbICOTe. 
11f] npeactaenser co6oi asyxctynen- 
4aTylO pakety, BINOAHEHHYIO NO HOpManb- 
Hoi aapoaMHamn4eckoi Cxeme, C ycTaHoB- 
NeHHbIMM B NepeAHeli YaCTH pakeTbI AeECTa- 
6uauzatopamn. Crapt pakeTbi — HaKNOHHbIi, 
C NYCKOBOH ycTaHoBKu, HaBO_MMOl no yrny 
W a3Mmyty Mecta. YnpasneHve noneTom w 
HapefeHne Ha Yenb OcywecTBnAWTCA no 
PaqMokomaHpam, KOTOpbie noctynawT oT 
Ha3eMHOM CTaHyMM HasefeHHa. Nogpbis 
60eB0K YacTn npon3BogMTCA NpM no_neTe 
K Yenn no KomaHge pagMos3pbisatena nu- 


re sy 
ms), 


60 no Komange, noctynaiowel oT Ha3zem- 
HO CTaHuMM HaBepeHna. 

Nepsaa crynexb 11 — rsepgotonnns- 
bli pakeTHbI ABMraTeNb C ycTaHOBNeHHbI- 
MM Ha Hem cTa6unu3zaTopamu, BTOpaA CTy- 
MeHb OCHal\eHa XKMAKOCTHOM ABHraTenb- 
HO ycTaHOBKOM C HaCOCHOK CMcTeMoi no- 
Aan KOMNOHeHTOB TONnHBa B ABMraTenb. 
KoxctpyktwBHo mapwesaa ctyneHb 11) 
COCTOMT W3 pAAa OTCeKOB, B KOTOPbIX pac- 
NONOKeHbI: pagnoB3pbiBatenb, OCKONOY- 
Ho-dyrachan Goesaa yactb, 6noKn Gopto- 
Boh annapatypi, Gakw c KOMNOHeHTaMM 
TONAMBa, XKMAKOCTHBIA pakeTHBI ABura- 
Tenb, arperats! ynpasneHna pynamu paKe- 
Tol, NPMEMHUK KOMaHA ynpaBneHna. 

Pakera ebinyckanacb B pa3snH4Hbix Mo- 
Andukauuax, 8 TOM 4ncne 11fA, 119, 
119M. 


he 11D is a modernized version of 

the 1D missile. It featured the sus- 

tainer engine thrust augmentation 

that allowed increasing the kill zone 
of air targets in range and altitude. 

The 11D is a two-stage missile 
employing a normal aerodynamic scheme 
with canard surfaces mounted in the fore 
part of the missile. 

The missile is fired at an angle from a 
launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from a 
ground guidance radar. The warhead is det- 
onated in proximity to the target either by 
a command from a radar fuze or by a com- 
mand from a ground guidance radar. 

The first stage of the 11D is a solid- 
propellant rocket engine with stabilizing 


fins; the second stage is fitted with 
a liquid-propellant pump-feed engine. 

Structurally, the sustainer stage of the 
11D missile consists of a number of sec- 
tions housing a radar fuze, a HE fragmen- 
tation warhead, onboard equipment units, 
propellant tanks, a liquid-propellant rock- 
et engine, missile control surface actua- 
tors, and a control command receiver. 

There were several modifications of 
the missile, including the 11DA, 11DU, 
11DM versions. 


MET Pavers “@anena” 
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1, Modzomoexa paxemei 11/ x mpaxcnopmuposxe 
110 missile being prepared for transportation 

2. Modeomoexa paxemi 11] k sbieoay Ha cmapmoeyio nosuyun 
110 missile prepared for moving to a launcher 

3. 3aepy3Ka paxem 11f] @ aepmonem MH-6 
Loading 110 missiles into MI-6 helicopter 

4. 3aepyana paxem 11/] 8 camonem AH-12 
Loading 11D missiles into An-12 airctraft 

5. Paxema 11] 80 Boemuome 
11D missile in Vietnam 

6. Cmapm paemes 11] 
Launch of 11D missile 

7. MamamHux paxeme 11 Ha nonuzone “Awynyk” 
11D missile memorial at Ashuluk firing range 
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S-75 AD missile system. 13D guided missile 


a3BuTve Cepun paket 1f] w 1191. Oc- 

HOBHBIM HanpaBneHHem MopepHM3a- 

yun CTano Mcnonb3oBaHle Ha pakeTe 

Goprosoi pagnoannapatypsi apyroro 
4acTOTHOrO AMana30Ha, YTO No3BOnMNO 
oGecneyuT ee Gonbwyio nomexo3zaun- 
WeHHOCTb. 

13{] npeacrasnaer co60i asyxctynex- 
YaTylo pakery, BbINONHEHHYIO No HOpmManb- 
HOA a3poAMHaMM4ecKol cxeme, c ycraHoB- 
ACHHbIMM B NepeAHeli YaCTH pakeTbI AecTa- 
6unu3atopamu. 

Crapt paketti — HaknoHHblii, c nycko- 
Bol ycTaHOBKH, HaBOAMMOH No yrny M a3H- 
myty mecta. YnpasneHve nonetom 4 HaBe- 
AeHMe Ha Yen OCyuecTBnAIOTCA No pagno- 
KomaHgam, KoTOpbie noctynaloT oT Ha3em- 
HOW CTaHyun HaBegeHua. Nogpeis 6oesoii 
4acTW NpoM3BOAMTCA NPM NogNeTe kK YeNK 


ETM Pavers “Cavers” 


No KoMaHpe pagvos3pbisatena nu6o no Ko- 
mane, noctynaiwed oT Ha3emMHOH CTaH- 
yMn HaBefeHua. 

Nepsaa crynexb 139] - rsepporonnns- 
Hoi pakeTHbIii ABKraTeNb C yCTaHOBNeHHbI- 
MM Ha HEM Cra6mnn3atopamn, BTOpaA CTy- 
MeHb OCHaujeHa XKHAKOCTHOM ABHratenb- 
Holi ycTaHOBKOH C HaCOCHOH CMCTeMOn no- 
Aan KOMNOHeHTOB ToNNHBa B ABHraTeNb. 
KonctpyktHsHo Mapwesan cryneHb 13f) 
COCTOMT M3 pAga OTCeKOB, B KOTOpbIX pac- 
NOnOKeHbI: pagnoB3pbiBatenb, OCKONOY- 
Ho-dyracHaa 6oesan Yactb, 6noKn Gopto- 
804 annaparypbi, 6akn Cc KOMNOHeHTAaMM 
TONAMBA, KHAKOCTHEIN pakeTHBI ABUra- 
Tenb, arperatbi ynpasneHna pynamn paKe- 
Tbl, NPHEMHKK KOMAHA ynpaBneHna. 

Pakera sbinyckanaCb 8 pa3nM4Hbix MO- 
AnduKaunax. 


he 13D is a modernized version of 


the 1D and 11D missiles. It featured 

the use of different frequency band 

with the onboard electronic equip- 
ment that allowed increasing its jamming 
immunity. 

The 13D is a two-stage missile 
employing a normal aerodynamic scheme 
with canard surfaces mounted in the fore 
part of the missile. 

The missile is fired at an angle from a 
launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from a 
ground guidance radar. The warhead is det- 
onated in proximity to the target by a com- 
mand either from a radar fuze or from a 
ground guidance radar. 

The first stage of the 13D is a solid- 


propellant rocket engine with stabilizing 
fins; the second stage is fitted with 
a liquid-propellant pump-feed engine. 

Structurally, the sustainer stage of the 
13D missile consists of a number of sec- 
tions housing a radar fuze, a HE fragmen- 
tation warhead, onboard equipment units, 
propellant tanks, a liquid-propellant rock- 
et engine, missile control surface actua- 
tors, and a control command receiver. 

There were several modifications of 
the missile, 


Fakel’s Missiles [i 
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1. Modzomoexa pakemss 13] « nycky 
130 missile being prepared for launch 


2. Mpuemnux so3dywnoeo daanenus 
Pressure head 


3. Kpbinbeeod Gnox mapwesod cmynexu 
Sustainer control surface unit 


4. Aspodunamuyeckue pynu 
Aerodynamic control surfaces 


5. Cmapmosbiil ycxopumens 
Booster 


6. Paxembi 134] 4a napade Ha Kpachod nnowadu 
13D missiles at a parade (Red Square, Moscow) 
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7,8,9. Paxembi 134 60 spem Goeavix dedcmaud Ha BauKHeM 
Bocmoxe (Ezunem, 1973 2.). Ha pomo 8 8 yeHmpe paxemsi 5B24 


13D missiles’ combat employment in the Middle East 
(Egypt, 1973). Photo 8, center: 5V24 missiles 
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3PK C-75. 3enuTHan ynpaBaneman paKera 207, 


S-75 AD missile system. 20D guided missile 


ny6okaa MopepHu3ayna paket! 13]. 
Mogepxw3aynn nposogunact Cc uc- 
Nlonb3osaHvem Gonee cosepuieHHon 
6optosoi paguoannapatypsi, 6oeso- 
fo CHapaKeHuA, CTapToBo H MapweBoii 
ABMraTeNbHbIX yCTaHOBOK. 3To no3sBonMNO 
YBENUYUT 3O0HY NOPAaKeHHA BOSAYWHbIX 
yeneii no AanbHOCTH M BbICOTe, OGecneYuTb 
Gonbwyi nomMexo3alMujeHHOCTe pakeTbi, 
NOBbICHTb 3*psEKTHBHOCTb NOparkeHMA HU3- 
KONETALIHX H BbICOKOCKOPOCTHIX Yeneit. 
20{\ npeactasnaer co6oi yByxctyneH- 
YaTylo pakery, BbINONHEHHYIO NO HOpManb- 
HOM aIpOAMHAMM4eCKON CxeMe, C ycTaHoB- 
AeHHbIMM B NepeAHelt YaCTH pakeTbI AeCTa- 
6unnzatopamn. Ynpasnedve noneTom H Ha- 
BepeHne Ha Yenb OCyWeCTBNAIOTCA NO pa- 
AMoKOMaHAaM, KOTOpble noctynaiwT oT 
HazemHoOW CTaH\yMn HaBegeHua. Mogpeis 
6oesor vactn nponsBoguTcA npH nogneTe 


K Yen no KoMaHge paqnos3pbisatena AM- 
60 no KomaHge, noctynaiowe oT Ha3zem- 
Hol cTaHyMn HaBepeHHa. 

Nepsaa crynenb 20] — tsepgotonnus- 
Hbili pakeTHbIii ABHraTenb C yCTaHOBNeHHbI- 
MM Ha Hem CTaGunu3zaTopamn, BTOpaa CTy- 
NeHb OCHaleHa X%XMAKOCTHOM ABHraTenb- 
HOW yCTaHOBKON C HACOCHOM CUCTeMO’ No- 
Aan KOMNOHeHTOB TonAMBa B ABKraTenb. 
KoxctpyktwBHO Mapwesan cTyneHb 20f) 
COCTOMT H3 PAAa OTCeKOB, B KOTOPbIX pac- 
NOnomeHbI: PagMoB3spbisaTenb, OCKONOY- 
Ho-cpyrachan 6oesan Yactb, 6noKn 6opto- 
Boi annapatypbi, 6aku c KOMNOHeHTaMM 
TONAMBa, MKMAKOCTHbIN pakeTHbIM ABMra- 
Tenb, arperatb! ynpasneHna pynamu pake- 
Tbl, NPHEMHMK KOMaHA ynpaBneHna. 

Paketa sbinyckanacb 8 pa3fM4HbIx MO- 
AnduKaynax, B Tom 4ncne 20MA, 20/1, 
20AY, 201C, 20Cy. 


he 20D is a radically modernized ver- 

sion of the 13D missile. It featured 

the use of upgraded onboard elec- 

tronic equipment and armament, 
booster and sustainer propulsion plants 
that allowed increasing the kill zone of air 
targets in range and altitude, the missile’s 
jamming immunity and its effectiveness 
against low-altitude and high-speed 
targets. 

The 20D is a two-stage missile 
employing a normal aerodynamic scheme 
with canard surfaces mounted in the fore 
part of the missile. The missile is fired at 
an angle from a launcher laid in elevation 
and azimuth. Missile flight control and 
guidance are accomplished via radio 
commands from a ground guidance radar. 
The warhead is detonated in proximity 
to the target by a command either from 


a radar fuze or from a ground guidance 
radar. 

The first stage of the 20D is a solid- 
propellant rocket engine with stabilizing 
fins; the second stage is fitted with 
a liquid-propellant pump-feed engine. 

Structurally, the sustainer stage of the 
20D missile consists of a number of sec- 
tions housing a radar fuze, a HE fragmen- 
tation warhead, onboard equipment units, 
propellant tanks, a liquid-propellant rock- 
et engine, missile control surface actua- 
tors, and a control command receiver. 

There were several modifications of 
the missile, including the 20DA, 20DP, 
20DU, 20DS, 20DSU versions. 


Fakel's Missiles IE 
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Paxema 20f 80 Boemname 
20D missile in Vietnam 


. Nodeomosna paxemsi 20/1 x nycry 


200 missile being prepared for launch 


. Paxema 20] Ha mpaxcnopmuo-sopamanwyed mawune (Apmus Cnoeakuu) 


20D missile on the transporting-loading vehicle (Army of Slovakia) 
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S-75 AD missile system. 5Ya23 guided missile 


D 


Ny, 


OfepHu3zayna pakerb! 20/\. Mogep- 
HM3a4MA NPOBOAMNAC C MCNONb30- 
BaHvem 6onee copepweHHo 6op- 
ToBoh paquoannapatypsi, Goesoro 
CHapsKeHUA, CTapToBOK wm MapwesBon ABH- 
FaTeNbHbIx yCTaHOBOK. ITO NO3BONHNO yBe- 
TMMHTb 30HY NOpPaKeHMA BOIAYWHEIX Ye- 
ei NO AaNbHOCTH, CHH3MTb MMHUMaNbHyIO 
BbICOTY NopaxkeHHA, a TAKE NOBBICHTb 3qp- 
hektHBHocTb nopaxkeHua ManopasMepHbix 
HM3KONeTALMX K MaHeBpHpyiOMNx Yene. 
5A23 npegctasnaet co6oh psyxcty- 
nen4atyio pakety, BbINOAHEHHyI0 NO HOp- 
ManbHO a3ponMHaMMYecKon Cxeme, C yc- 
TaHOBNeHHbIMH B NepeAHei YacTH paKeTbI 
Aecta6unu3zatopamn. Crapt pakeTbl — Ha- 
KAOHHbIM, C NYCKOBOM ycTaHoBKH, HaBOAH- 
Moi no yrny 4 a3Mmyty mecra. Ynpasnenne 
NoneTom 4 HaBepeHne Ha Yenb OcywecTB- 
NAWTCA NO paAHOKOMaHAaM, KOTOpbIe No- 


CTynaioT OT Ha3eMHOi CTaHyMM HaBepeHHA. 
Nogptis Goesod yactn npon3Boqutca npn 
Nognete K Wenn NO KOMaHpe pagnoBspeiBa- 
Tena nv6o no KomaHge, noctynajowen oT 
Ha3eMHOM CTaHYMM HaBeAeHHA. 

Nepean ctyneHb 5823 - teepgoton- 
AMBHbIN PakeTHbI ABMraTenb C ycTaHOB- 
AeHHbIMH Ha Hem CTa6MnM3aTopamn, BTO- 
aa CTYMeHb OCHaleHa *KMAKOCTHOM ABH- 
FaTeNbHOW yCTaHOBKOM C HaCOCHON CHCTe- 
Moi noga4n KOMNOHeHTOB TONAMBa B ABH- 
ravens. KOHCTpykTMBHO MapuleBan CTyneHb 
523 coctomt m3 paga OTCeKOs, B KOTOpLIX 
Pacnonoxkenbi: pagnosspbiBatenb, OCKO- 
NowHo-dyracHan Goesan yactb, 6noKn 
6optoso annapatypti, 6akw c KoMNOHeH- 
TaMM TONAMBa, KKAKOCTHbIN pakeTHBIit 
Aguratenb, arperatsl ynpasneHua pynamn 
PakeTbI, NPMeMHMK KOMAHA ynpaBneHna. 


N/ 


esr eye ry 
ney 


he 5Ya23 is a modernized version of 

the 20D missile. It featured the use 

of upgraded onboard electronic 

equipment and armament, booster 
and sustainer propulsion plants that 
allowed increasing the kill zone of air tar- 
gets in range, decreasing the minimal 
effective altitude and increasing the mis- 
sile’s effectiveness against small-size 
low-altitude evading targets. 

The 5Ya23 is a two-stage missile 
employing a normal aerodynamic scheme 
with canard surfaces mounted in the fore 
part of the missile. The missile is fired at 
an angle from a launcher laid in elevation 
and azimuth. Missile flight control and 
guidance are accomplished via radio 
commands from a ground guidance radar. 
The warhead is detonated in proximity 
to the target by a command either from 


a radar fuze or from a ground guidance 
radar. 

The first stage of the 5Ya23 is a solid- 
propellant rocket engine with stabilizing 
fins; the second stage is fitted with 
a liquid-propellant pump-feed engine. 

Structurally, the sustainer stage of the 
5Ya23 missile consists of a number of sec- 
tions housing a radar fuze, a HE fragmen- 
tation warhead, onboard equipment units, 
propellant tanks, a liquid-propellant rock- 
et engine, missile control surface actua- 
tors, and a control command receiver. 
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Bapuanme paxem dna Komnnexca C-75 sapy6emnoz0 npoussodcmea: 


Foreig 
1,2. Poxems: “Xynyel-28", Kumad 
HQ-2V missiles, China 

3. Paxemp: “Caiiad-1A", Apan 
Saya 


1A missiles, Iran 


4. Mpouzeodcmso paxem “Xynuysi-28” 6 Kumae 
HO-2V m 


siles production in China 


mode versions of missiles designed for S-75 AD missile system 
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3PK C-75. OnbitHan 3enuTHaA ynpaBnnemaa paketa 17) 


S-75 AD missile system. 17D experimental guided missile 


azpa6orky 3YP 17f) Hayann 8 MKB 

“Maken” B COOTBETCTBMH C BbiNyujeH- 

HbIM B MIOHE 1958 roga nocTaHoBne- 

Hem pyKOBOACTBa CTpaHbl, B KOTO- 
Pom faBanocb 3aqaHne No MogepHu3aynn 
3PK C-75. Hogan paketa gonkHa 6bina no- 
Paxkath BOSAYWHbIE Yen Ha AaNbHOCTAX 
AO 40 KM wu BbICoTax Ao 25 KM, NeTAWIMX CO 
cKopoctamn fo 2300 KM/4. 

Cneymanncts! npegnpatna pewnnn 
VicnOnb30BaTb B Ka4ecTBe MapweBOh ABH- 
TaTenbHOM ycTaHOBKM pakeTbl TBepAoTon- 
sexo MBPL. Mpwxunn ero pabotei 3a- 
kniovanca B cneayiowmem. [a3, o6pazyi- 
Mica NPM CropaHMn CneyWanbHoro TBep- 
oro Tonnuea 8 ra3oreHepatope m Copep- 
Kaun 3HayMTeNbHOe KONMYeCTBO He- 
cropeswHx YacTHy, noctynan 8 KaMepy 
AguratenA M Aoropan, CMeuIMBaACb C BO3- 


AYWHbIM NOTOKOM, KOTOpbI nonagan B Ka- 
mepy 4epe3 Bo3ayxo3a6opHnk. Mo npensa- 
PuTenbHbIM OUeHKaM, NOAOGHEIA ABMraTenb 
Ronen Gein OGnagatb BbICOKMM yAeNbHEIM 
wmnynbcom (Gonee 4em Basoe Gonbuinm, 
4em npwMeHaBwHecA B Te rogb! KP) u 
BO3MOXKHOCTHIO paboTaTb B LMPOKOM Ana- 
Na30He BbICOT M CKOpoCTel, AOCTAaTOYHO 
BbICOKHM yAeNbHbIM MMNYN’COM NPM Manbix 
CKOpoctax noneta M Ha GonbuiMx BbICOTAX. 

Asyxctynenyaran paketa 17f] sbinon- 
HeHa NO HOpManbHOM aspoAnHamMyecKoii 
cxeme, Ha Kopnyce mapwesoro Asuratena 
pa3mMeujeHb! KpbinbA HW pynu. Bropaa cty- 
NeHb COCTOANA M3 NATH OTCeKOB, a ee KOp- 
fyc 6bin BbiInOAHeEH aHanorM4HbiM KOpnycy 
paket “cemeitctsa” 1f). Nepeguan yactb 
Mapwesoii CTyneHn yHuduunpoBana C pa- 
Keron 20/]. B 3aqnei 4actu mapwiesoii cTy- 


he Fakel Engineering Design Bureau 

began to develop the 17D AD missile 

in compliance with the govern- 

mental resolution of June 1958 on 
upgrading the S-75 AD missile system. The 
new missile was to engage aerial targets 
moving at a speed of up to 2,300 km/h at 
ranges of up to 40 km and altitudes of up 
to 25 km. 

Fakel’s specialists decided to use a 
solid-propellant ramjet engine as the mis- 
sile’s sustainer. The ramjet featured the 
following operation principle. The gas 
generated in the process of burning of 
special solid fuel in a gas generator con- 
tained a considerable amount of unburned 
particles. When in the engine chamber, 
the gas finished burning being mixed with 
the air drawn into the engine through an 


inlet. According to the preliminary esti- 
mates, such engine was bound to feature a 
high specific impulse (twice exceeding 
the one of the liquid-propellant engines 
used at that time). The engine was also 
expected to function within a wide range 
of altitudes and speeds, and have a rather 
high specific impulse at low flight speeds 
and high altitudes. 

The 17D two-stage missile employed a 
normal aerodynamic configuration with 
wings and fins fixed on the sustainer 
engine’s body. The second stage com- 
prised five sections and its body construc- 
tion was similar to that of the 1D missile 
family. The fore part of the sustainer was 
unified with the 20D missile. The rear part 
of the sustainer housed a gas generator 
with fuel and control surface actuators. 


SS  Paxers: “arena” 
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med pacnonaranca ra3orevepatop c Ton- 
AMBOM M MeXaHu3MbI ynpaBneHua pynamn. 
B nepeqhei m 3aqHei yactax pakerbi Ha 
BHEWHEM KOpnyce IIBPI pasmeujanuct aH- 
TeHHbI. Yckoputent 17/\ cocrosn u3 paker- 
Horo ABHraTenA TBepgoro Tonnuea (PITT), 
4erbipex crabunu3aTopos, ynopHoro KoHy- 
Ca W XBOCTOBOrO OTCeKa. 

B 1960-1962 rogax nposenn okono 
copoka nyckos 17f), sknw4aa 6pockosbie, 
@BTOHOMHbIE H NYCKH B 3aMKHYTOM KOHType 
ynpasnenua. {na Gpockosbix nyckos, nep- 
BbIM M3 KOTOPbIX CocToANCA 23 AHBapA 
1960 roqa, w3roToBMnM cneyManbHble Ma- 
KeTHble O6pa3ybl, KOHCTpyKyHMA M CocTaB 
Goprosoro o6opygoBakun KoTOpbix 3Ha4H- 
TeNbHO OTAMYANNC OT OGopyAoBaHuA pa- 
KeT, HCNONbIOBAaHHIX NP aNbHEMWHX MC- 
nbiraHuax. C YeTBepToro nycka, cocTonB- 
weroca 22 anpena 1960 roa, Ha4anca 
3TaN ABTOHOMHbIX MCNbITAaHHi, Ha 3TOM 
aTane TakwKe Gino NpoBeAeHO AecATb nyc- 
KOB B 3aMKHYTOM KOHType ynpaBneHHa. 

Bo spema ucnbitanni 17/, nposoane- 
WUXCA AO NeTa 1962 ropa, Gina AocturHy- 
Ta MaKCMMaNbHaA CKOpocTb noneta 3,7M, 
CPeAHAA CKOPOCTb Np AaNbHOCTH aKTHBHO- 
ro ywactka noneta 40 Km — 820-860 m/cex, 
MaKCMMalbHaA BbICoTa — 23 KM. Macca 
VCNbITbIBABWIMXCA pakeT cocTaBnana 
oT 2635 yo 3045 xr. 

Peaynbtatbi, nonyyeHHble B npoyecce 
3THX NYCKOB, OKa3aNM 3HAYMTeNbHOe BnKA- 
Hwe Ha nposepeHue 8B MKB “Maken” vB ero 
MOCKOBCKOM (bunuane fanbHeAwux pabot B 
AaHHOM HanpaBneHMu, a TaKWKe Ha NOMCKH 
HOBbIX nyTe W KOHCTPyKTHBHbIX peweHHii 
AIA AOCTHKEHMA MaKCMMaNbHON 3cpdexTHB- 
HOCTH Mcnonb3oBaHha II1BPY] 8 coctase 3YP. 


B Hayane 1960-x rogos senuct pabore! no 
WCCHeQOBaHMIO BO3MOKHOCTeM MCNONb30- 
BaHua 3YP 17{] 8 coctase mogepHu3npo- 
BaHHoro 3PK C-75, a Take napannenbHo 
PacCMaTpHBaNUCb BO3MOMHOCTH ee HCNONb- 
30BaHMA B CocTaBe 3PK CyxonyTHbIx BOCK 
“Kpyr” w Kopa6enbHoro 3PK M-31. OgHako 
No paay NPMYMH 3TH paboTbI He Hawn Npo- 
AonKeHusA, K NeTOM 1963 roa Bce Hccnepo- 
BaHua no 3YP 17f] 6einu npexpawexbi. 


Antennas were fixed in the fore and rear 
parts of the missile, on the ramjet’s outer 
body. The 17D booster comprised a solid- 
propellant engine, four stabilizing fins, a 
thrust cone, and a tail section. 

In 1960-1962, about forty launches of 
the 17D took place, including drop launch- 
es, self-sustained and closed control loop 
launches. The design and configuration of 
the onboard equipment used in the models 


built for the first drop launches (the first 
one took place on January 23, 1960) sig- 
nificantly differed from those of the mis- 
siles used in the subsequent tests. The 
self-sustained tests began with the fourth 
launch on April 22, 1960. Ten closed con- 
trol loop launches were also held at this 
stage. 

In the course of the 17D testing, which 
lasted till the summer of 1962, the missile 
achieved a maximum speed of Mach 3.7, an 
average speed of 820-860 m/s given the 
powered range of 40 km, and reached a 
maximum altitude of 23 km, The tested 
missiles weighted 2,635-3,045 kg. 

The results of these launches consid- 
erably influenced the subsequent work of 
Fakel and its Moscow division in this direc- 
tion and facilitated the search for new 
trends and constructive solutions to 
achieve the maximum effectiveness of 
ramjets in the AD missiles. 

In the early 1960s, the possibility of 
using the 17D missile in the upgraded 
S-75 AD missile system was studied 
simultaneously with the possibility of 
using the 17D both with the Krug AD mis- 
sile system for the Army and the M-31 
shipborne AD missile system. However, 
due to some reasons the work was discon- 
tinued, and in the summer of 1963 all 
research activities on the 17D missile were 
stopped. 


i 3eHuTHbIe pakeTbI ana BOCK NBO 
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3PK C-75. OnbitHaa 3eHuTHaA ynpaBnAeman pakeTa 220 


_ S-75 AD missile system. 22D experimental guided missile 


azpa6orka 3YP 22), npeaHasHayas- 
weiica AA Mcnonb30BaHHA B MOfep- 
HU3HpoBaHHOM BapHaHTe 3PK C-75, 
6bina Hayata 8 MKB “®aken” B coor- 
BeTCTBMH C peweHMeM NpaBMTeNbcTBeHHON 
KOMHCCHH NO BOCHHO-NPOMbILINEHHbIM BO- 
Npocam, npwHATbim B anpene 1961 ropa. 
Ho, w3-3a 3aqepKek 8 MonepHH3aynn Apy- 
rMx 3nemeHTos 3PK, Tpe6oBaHuAa K HOBOK 
3YP 6 nonHom o6beme Gbinw yreepxKAeHb! 
TONbKO B MWOHE 1963 roga. B coorBeTcTBun 
c Humu 3YP 22) ponxkta 6bina noparkatb 
BO3AyWHbIe YEN Ha AaNbHOCTAX AO 60 KM, 


62 


NeTAWMe Ha BbICOTAax AO 35 KM CO CkOpo- 
cTbt0 Ao 3000 Km/4. 

B ocHosy paspaborkn 3YP 22] 6vinn 
NonoweHbi NonyyeHHbie K TOMy BpeMeHH 
pesyneratb! ucnbitaHuit 17f). Oguako, 8 
CBAIM C HEOOXOAMMOCTbIO 3HA4MTENbHOFO 
yny4weHHA XapakTepHCTHK, KOMNOHOBOY- 
Hylo cxemy, NpMHATyIO Ana 17f, npMuinoce 
paqwkanbHo nepepaborarp. B OKOHYaTeNb- 
HOM Buge paketa 22/] crana TpexctyneH4a- 
Toi, 4TO NOSBONANO OCyWMeECTENAT’ pasnny- 
ble BapwaHTel nepexeara. Tak, npM noneTe 
K yenw, HaxopAulelica Ha MaKCMManbHOA 


he development of the 22D missile 
for an upgraded version of the S-75 
AD missile system began at the Fakel 
Engineering Design Bureau in com- 
pliance with a resolution of the govern- 
mental Commission on military-technical 
affairs adopted in April 1961. However, 
due to the delays in upgrading other com- 
ponents of the AD missile system, the 
technical requirements of the proposed AD 
missile were finally approved as late as in 
June 1963. According to these specifica- 
tions, the 22D missile was to engage 


aerial targets flying at a speed of up to 
3,000 km/h at ranges of up to 60 km and 
altitudes of up to 35 km. 

The 17D missile’s test data that was 
available at that time became the basis for 
the development of the 22D missile. 
However, due to the need of considerable 
improvement of the missile’s performance 
characteristics, the 17D layout had to be 
radically revised. In its final version, the 
22D missile comprised three stages, which 
made it possible to apply various intercep- 
tion modes. Thus, when approaching the 
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AaNbHOCTH aKTHBHOTO Moneta pakeTel H Ha 
BbICOTaxX MeHee 20 KM, TONNMBO pakeTHO- 
NPAMOTOYHDIX ABMraTeneH AOMKHO Gbino 
VCNONb30BaTbCA NONHOCTbIO, Nocne ero 
OHM COpacbiBanuch C NOMOIbIO nMpoun- 
AMHApos. Npw nonete kK Yenv, HaxoAaueli- 
cA Ha BbICoTe Gonee 20 Km, Mapwesbie pa- 
KeTHO-NpAMOTOYHBIe ABMraTenM Morn 
cOpactisatbca 8 1060 MomeHT Hx paborel. 
HenocpegcrseHto nepea c6pocom pomKeH 
6bin 3anyckaTbCA TBepAOTONAMBHIN ABH- 
raTenb TpeTbe cryneHH. 

Nepsaa crynenb 22/] sknioyana B ceba 
yckoputenb co cra6mnn3aTopamn, ucnonb- 
30BaBWMiCA TaKKe MW ANA 17/). OcHoBHOe 
BHewHee OTNMYNe pakeTb OT 17f] coctosno 
B ycTaHoBKe Ha KOHYAaX Kpbinbes 22/] YeTBI- 
pex Teepgotonnnsxbix MBP stopo cry- 
neHv. TonNMBO ANA HX, NOYTH Ha TpeTb Co- 
cToABwee M3 aNlOMMHHeBO-MarHneBoro 
nopowka, O6faqano BbICOKMMM aHepreTH- 
4ecKMMH XapakTepucTHKaMn, 

Tpetba ctyneHb 22/] coctoana w3 natn 
orcexos. B nepsom Haxogunca pagno- 
B3pbIBaTeNb, BO BTOPOM — OCKONOYHO-Cy- 
racHaa 6oeBan YacTb, B TpeTbem — annapaty- 
pa ynpasnexua, 8 YeTBepTom — TeepgoToN- 
AMBHbIN pakeTHbI ABMraTeNb MB NATOM — 
ra300TBo_Han Tpy6a c connoBbim 6noKOM MH 
NpwBogom CucTeMbI ynpaBneHnA. 

Nepswiit nyck 22] coctoanca 27 pe- 
Ka6pa 1963 roqa. WcnbitaHna pakerbi 
Npogonmkanuch fo aBrycta 1966 roga. 
B 1966 ropy Take COCTOANOCb HECKONbKO 
nyckos 22/, ocHaleHHOW >KMAKOCTHEIMK 
NBPL, paspa6oraHHbimn 68 OKB-670 nog 
Pykosogctaom M.M. Boxpapwxa. 

Ha ucnbitaHuax 22] npw pabote tpe- 
Tee ctyneHw 6bina AocturHyTa MaKcH~ 


manbHan CkopocTb 4,8M (c paboraiummn 
NIBP, pakera pa3roHanact Ao ckopoctn 
3,9M), sbicoTa ee noneta npesbiwana 
30 km. Craprogaa macca McnbITEIBaBWHXCA 
paket coctasnana 3110-3260 kr. 

B cepequne 60-x rogos pe3ynbrarbi, 
nonyyeHHble B Npoyecce ucnbiTaHni 22/1), 
AEMOHCTPHpoBaNK 3Ha4UTeNbHbI Npo- 
Tpecc B pa3BMTMM 3eHMTHBIX pakeT. OAHaKO 
K MOMeHTy NPMHATHA pewieHHA O AanbHeli- 
wei cyab6e 22/] Ha BoopykeHun yxKe Ha- 
xoquance 3YP 20, xapaxtepnctukn KoTO- 
PbIX NONHOCTbIO COOTBETCTBOBANK BO3MOX- 
Hoctam cpegcts 3PK C-75, n no3tomy npo- 
AomkeHne pabot no ucnonb30BaHHW B CO- 
ctase 3Toro. = koMnnekca (3YP_— 
PakeTHO-npAMOTOYHEIMM ABHraTenAMM GbI- 
NO NpH3HaHo Heyenecoo6pasHbim. 


P| 3eHMTHbIe pakeTbI ANA BOCK MBO 


targets located at the missile’s powered 
flight range limit and at altitudes below 
20 km, the ramjet engines fuel was to be 
completely used up followed by the sepa- 
ration of the engines by means of pyro 
devices. When heading to the targets 
located above 20 km, the running ramjet 
sustainers could be separated at any 
moment. The solid-propellant engine of 
the third stage was to be activated just 
before the separation. 

The first stage of the 22D comprised a 
booster with stabilizing fins (used also in 
the 17D). By appearance, the 22D differed 
from the 17D in four solid-propellant ram- 
jet engines of the second stage fixed on 
its wing tips. The engines ran on high- 
energy fuel that almost by one third con- 


sisted of aluminum-magnesium powder. 

The third stage of the 22D comprised 
five sections. A radio fuze was fixed in the 
first section, a HE fragmentation warhead — 
in the second, control equipment — in the 
third, a solid-propellant engine — in the 
fourth, and an exhaust-gas duct with a 
nozzle cluster and a control actuator 
assembly — in the fifth one. 

The 22D was first launched on 
December 27, 1963. The missile’s testing 
continued until August 1966. In 1966, 
several launches of the 22D fitted with 
liquid-propellant ramjet engines were 
held. The engines were designed at the 
Experimental Design Bureau #670 
(OKB-670) headed by M. Bondaryuk. 

In the course of testing the 22D with 
the running engines of the third stage, 
a maximum speed of Mach 4.8 was achieved 
(with the running ramjets, the missile accel- 
erated to Mach 3.9). Its flight altitude 
exceeded 30 km. The tested missiles’ launch 
weight amounted to 3,110-3,260 kg. 

In the mid-1960s, the results of the 
22D testing signified a considerable 
progress in the development of the AD 
missiles. However, when the decision on 
the future of the 22D was to be taken, the 
20D AD missile had already been adopted 
for service. Its performance characteris- 
tics fully suited the S-75 AD missile sys- 
tem. That is why the further employment 
of ramjet-powered missiles in this missile 
system was deemed inexpedient. 
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3PK C-125. 3enuTHaA ynpaBnaemaa paketa 5B24 


S-125 AD missile system. 5V24 guided missile 


eHMTHaA ynpaBnfeman pakeTa Manod 

AanbHoctw 5B24 npegva3Hayera AnA 

nopaxkeHHA pa3nn4nbix cpeActe B03- 

AywHoro HanageHuA: camonetos 
CTparern4eckon W TakTMYeCKON aBnauMn, a 
Take pakeT BO3AyWHOFO GasMpoBaHuA — B 
WUpOKOM AKanaz0He ycnoBHii ux Goesoro 
npwmeHeHua. 

5B24 npenctasnaet coboi psyxcty- 
neH4atylo pakery, BbINONHEHHYW NO a3po- 
AMHaMMYecKOn Cxeme “yTKa”. 

Crapt paket! — HaKnOHHbIi, C nyCKO- 
BOM ycTaHOBKM, HaBOAMMOH No yrny HM a3v- 
myty mecta. YnpasneHue nonetom W Hase- 
ene Ha Wend OCyuyeCTBnAWTCA No pagno- 
KomaHgam, KoTOpbie noctynaioT oT Hazem- 


HOM cTaHyMM HaBeneHua, Nogpeis Goesoh 
wacTH OCyWeECTBNAeTCA NpH nogneTe K Ye- 
AM NO KoMaHge pagnos3pbiBaTena. 

Nepean ctyneH 5824 - tTeepgoton- 
JAMBHbI YCKOpHTeNb C yCTAHOBNEHHBIMH Ha 
HeM pacKpbiBaeMbIMM Noche crapra 4e- 
TeIpbMA CTabMan3aTopamu. Mapwesaa cTy- 
Neb pakeTb! TawKe OCHaeHa TBEpAOTON- 
AWBHON ABMraTenbHON ycraHosKON. KoHcT- 
PykTHBHO Mapwesaa CTyneHb 5B24 cocrout 
3 PAAa OTCEKOB, B KOTOPbIX pacnonorKeHbi: 
PaqMosspbisarenb, arperatbi ynpasneHna 
Pynamn pakeTbi, ockoNOYHO-qyracHan Goe- 
Ban YacTb, 60K Goprosoi annapatypyi, 
TBEPAOTONAMBHbIA PakeTHHIA ABMraTeNb, 
NpweMHMKH KOMaHA ynpaBneHna. 


he 5V24 short-range AD missile is 
intended to engage various air 
attack weapons such as strategic and 
tactical aircraft and airborne mis- 
siles, in a wide range of their combat use. 

The 5V24 is a two-stage missile 
employing a canard aerodynamic configu- 
ration. 

The missile is fired at an angle from a 
launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from a 
ground guidance radar. The warhead is ini- 
tiated by commands from a radar fuze in 
the proximity to the target. 

The first stage of the 5V24 is a solid- 


propellant booster with four stabilizing 
fins unfolded after launch. The sustainer 
stage of the missile is also fitted with a 
solid-propellant engine. 

Structurally, the 5V24 sustainer stage 
comprises a number of sections housing a 
radar fuze, control surface actuators, a HE 
fragmentation warhead, an onboard equip- 
ment unit, a solid-propellant engine, and 
control command receivers. 
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Hud, 1958 2 


br 5B: 


9 prepared for launch 


K nycky 


4. 3azpyska paxem 5824 @ camonem AH-12 
Loading les into An-12 aircraft 


5,6. 


Camonemwi, ¢ 5824 go epena Goesbix deiicmaud @ Eeunme 


s during combat actions in Egypt 
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3PK C-125. 3enntHaa ynpaBnaemaa paketa 5B27 


S-125 AD missile system. 5V27 guided missile 


nyOokan MOpepHH3ayMA pakeTbi 

5B24. OcHosHbimm HanpasneHnamn 

MopepHu3zaynn cTanu: mcnonb30Ba- 

Hue Bonee acpspekTHBHoro Mapwesoro 
Asuratens, Goesoro cHapaxkeHua M pafa 
anemeHtos 6optosoii annaparypbl. Beinon- 
HeHne MOfepHH3auHH No3sBONMNO yeenn- 
4WTb 3OHY NOpaKeHHA BOIAYWHEIX Yenelt 
NO AaNbHOCTH MW BbICOTe, yBENMYHTb 3cp- 
(PekTHBHOCTb NopaxKeHHA BbICOKOCKOpOCT- 
HbIx Yenel, 

Ynpasnenne nonetom w HaBepeHHe Ha 
Wenb OcywecTEnAIOTCA NO pagnokomMaHAam, 
KoTOpbie NocTynaloT OT Ha3eMHOA CTaHuMH 
Hapegenna. Nogptis 6oesoi Yactn ocywe- 
CTBARETCA NpM NoANeTe K YeNM No KOMaHpe 
Paquossppisatena. 

Nepean ctyneHb 5B27 — teepgoton- 
JMBHbIM YCKOpHTeNb C YCTAHOBNeHHIMK Ha 
HeM packpbiBaembiMM focne crapta 4e- 


GCS rovers “Oanena” 


TbipbMA CTabMAM3aTOpaMM M AByMA TOp- 
MO3HbIMM NOBEPXHOCTAMM, KOTOpbIe Ciy- 
aT ANA YMEHbWEHMA AaNbHOCTH noneTa 
ycKopuTena nocne ero otgeneHna. Mapwie- 
Ban CTyNeHb pakeTbl TakKe OCHal\eHa 
TeepAOTONAMBHON ABHraTeNbHON ycraHoB- 
koi. KoHcTpykTnBHo mapwiesan cTyneHb 
5B27 coctout m3 paga OTCeKOB, 8 KOTOpLIX 
Pacnonoxkenbi: pagnos3spbiBatenb, arpera- 
Tol ynpasneHHA pynaMM pakeTbi, OCKONOY- 
Ho-cyracHan 6oesan 4actb, 6n0K bopto- 
80M annapatypbi, TeepAoTonAMBHbI pa- 
KeTHbIA ABMraTeNb, NPMeMHMKH KOMaHA yn- 
pasnenna. 

Pakera sbinyckanaCb B pa3NM4HbIx MO- 
AnduKaunax, 8 Tom 4ncne 5B271, 582711, 
5B271NC, 5B27!Ny, 58279. 


he 5V27 is a radically modernized 

version of the 5V24 missile. It fea- 

tures an upgraded sustainer, arma- 

ment and some units of onboard 
electronic equipment. The modernization 
allows increasing the kill zone of air tar- 
gets in range and altitude, and speed of 
the targets to be engaged. 

Missile flight control and guidance 
are accomplished via radio commands 
from a ground guidance radar. The war- 
head is initiated by commands from a 
radar fuze in the proximity to the target. 

The first stage of the 5V27 is a solid- 
propellant booster with four stabilizing 
fins unfolded after launch and two braking 
surfaces fixed on the booster. The braking 
surfaces serve to reduce the booster’s 
flight range after its separation from 
the missile. The sustainer stage of 


the missile is also fitted with a solid- 
propellant engine. 

Structurally, the 5V27 sustainer stage 
comprises a number of sections housing a 
radar fuze, control surface actuators, a HE 
fragmentation warhead, an onboard equip- 
ment unit, a solid-propellant engine, and 
control command receivers. 

There have been several modifications 
of the missile, including the 5V27G, 
5V27GP, 5V27GPS, 5V27GPU, 5V27D ver- 
sions. 
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1,3, Paxemsy 5827 Ha nyckosod ycmanoexe 
5V27 missiles on the launcher 
2. 3apamanue paxemamu 5827 nyckoeod yemanoaxu 
Launcher being loaded with 5V27 missiles 


4. Myck paxemss 5827 
Launch of 5V27 missile 

5. Paxempi 5827 Apmuu Wzocnaauu, c6uswue 27 Mapma 1999 2000 camonem-Hesudumny F-117A (6,7) 
5V27 missiles of the Army of Yugoslavia that downed F-117A Stealth aircraft (6,7) on March 27, 1999 
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3PK C-125. 3enutHaa ynpaBnaemaa paketa 5B27/E 


S-125 AD missile system. 5V27DE guided missile 


ogepHu3zayna paketbi 5B27/]. Oc- 

HOBHBIMA HanpaBneHnAMH Mogep- 

HW3a4MM CTanW: MCnOAb3OBaHHe B 

cTaptosom qsuratene 6onee 3cp- 
cbektHBHoro Tsepgoro TonAMBa, Mcnonb30- 
BaHne addextsHoro Goesoro cHapAxKe- 
Hwa, 3aMeHa paga 3nemeHTos Goptosoi 
annapatypb!. BiinonHeHne MopepHH3aynn 
MO3BONMNO 3HAYMTeENbHO YBENMYMTb 30HY 
nopaxkeHnA BO3AyWHbIX YeneA No AanbHO- 
CTH M BbICOTe (HMKHAA rpaHHya 30HbI NO- 
pakena coctasnret 20 m), o6ecneynTe 
acbpekTHBHoe nopakeHHe cywecTByIOMNx 
v NepcnekTuBHbix Cpeacts BO3AYWHOrO Ha- 
NafeHna, BKNOYAA PasNM4Hble BUAbI BbICO- 
KOTO4HOFO OpyKuA. 

YnpasneHve nonetom m HaBegeHve Ha 
Yenb OCyu\eCTBNAIOTCA NO panMoKomaHAaM, 
KoTOpble NocTynaloT OT Ha3eMHOM CTaHyHH 
Hapenenna. Nogpbis 6oeso yactw ocywje- 


CTBAAeTCA Np NogAeTe K Wenn No KoMaHAe 
Paquos3pbisarena. 

Nepsan ctynenb 5B27/JE - teepgoton- 
AMBHbIM YCKOpHTeNb C YCTaHOBNEHHbIMM Ha 
HeM packpbiBaembiMM noche cTapTa 4e- 
TeipbMa CTabmnn3aTopamH M AByMA TOp- 
MO3HBIMH NOBEPXHOCTAMM, KOTOpBIe Cny- 
\KaT AMA YMEHBWEHMA AaNbHOCTH noneTa 
yckopuens nocne ero oTaeneHua. Mapwie- 
BaA CTyNeHb pakeTbl Take OCHal\eHa 
TBepAOTONAMBHON ABHraTeNbHOM ycTaHoB- 
Kow. KoHctpykTHBsHO MapweBaA CTyNeHb 
5B27{E coctomrt m3 paga oTceKos, 8 KOTO- 
Pbix pacnonoxenbi: pagnosspbiBatenb, ar- 
perarbi ynpasneHua pynamn pakeTbl, OCKO- 
No4Ho-yrachan 6oesaa Yactb, 6noK 6op- 
ToBOii annapatypbi, TeeppoTONAMBHbIi pa- 
KeTHbIA ABMraTenb, NPHEMHMKK KOMaHA yn- 
pasnenna. 


he 5V27DE is a modernized version 

of the 5V27D missile. It features 

employment of more effective solid 

propellant for the booster, use of 
upgraded armament, and replacement of 
some units of the onboard electronic 
equipment. The modernization allows 
increasing the kill zone of air targets in 
range and altitude (lower limit is 20 m), 
ensuring the effective engagement of the 
in-service air attack means and those 
under development, including different 
types of high-precision weapons. 

Missile flight control and guidance are 
accomplished via radio commands from a 
ground guidance radar. The warhead is ini- 
tiated by commands from a radar fuze in 
the proximity to the target. 

The first stage of the 5V27DE is a 
solid-propellant booster with four stabiliz- 


ing fins unfolded after launch and two 
braking surfaces fixed on the booster. The 
braking surfaces serve to reduce the 
booster’s flight range after its separation 
from the missile. The sustainer stage of 
the missile is also fitted with a solid- 
propellant engine. 

Structurally, the 5V27DE sustainer 
stage comprises a number of sections 
housing a radar fuze, control surface actu- 
ators, a HE fragmentation warhead, 
an onboard equipment unit, a solid- 
propellant engine, and control command 
receivers. 


Paketbi “Makena” 
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Je 5B27AE wa nycKoeod yemanoske 
5V27DE missiles on the launcher 
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3PK C-175. 3enutHaa ynpaBnaemaa paketa B-850 (npoekt) 


S-175 AD missile system. V-850 guided missile (project) 


1956-1957 rogax 8 MKB “®aken” 
nposepetb| paboTs! no w3yyeHHio 
BO3MOKHOCTH CO3qaHHA 3YP B-850 
ANA nepeABWKHON 3eHMTHOM pakeT- 

Hoi cuctemb! C-175, o6naqaswei 6onbwei 
AaNbHOCTbO AelicTBMA, 4eM CO3faHHaA K 
Tomy BpemeHn cucTema C-75, 

B-850 npegctasnana coboi AByxcty- 
NeHyaTylo pakery, BLINOMHEHHYIO NO HOp- 
MafbHO a2pOAMHAMMYeCKOH Cxeme, C yC- 
TaHOBNeHHbIMM B NepeAHel YacTH paKeTbI 
Aecta6unuzatopamu, Cc YeTbIpbMA Tpe- 
YFONbHBIMM KpbINbAMM GonbUlOrO yanMHe- 
HMA, pynamM W cTa6unM3atopamu. Crap 
PakeTb!l — HaKNOHHbIM, C NyCKOBON ycraHoB- 
kM, HaBOAMMOM NO yrny M a3MMyTy MecTa. 
Ynpasnenne nonetom paketbi M HaBeneHne 


ee Ha Wen’ OcyWeCTBnAeTCA No pagHoKo- 
maqam, KOTOpbIe NOCTyNaiT OT HazeMHOH 
cTaHuMM HaBeneHna. 

Nepsaa crynext B-850 npegctasnsaet 
co6oii YeTbipe TeepAOTONAMBHbIX ABHraTe- 
NA, YCTAHOBNEHHIX Ha MapweBO CTyNeHH 
pakerbi Mexxay Kpbinbamu. Bropaa cryneHb 
OcHalljeHa KHAKOCTHOM ABHraTenbHol ycra- 
HOBKOH C HACOCHOM CMCTeMO; NoAa4n KOM- 
NoHeHTOs TonAMBa B ABHraTeNb. KOHCTpyk- 
TWBHO Mapwesaa CTyneHb B-850 coctouT H3 
PAga OTCeKOB, 8 KOTOPbIX pacnonoxeHbi: 
Pagnosspbisatenb, Goesaa YacTb, 6noKn 
6oprosoi annapatypbi, 6aku cC KOMNOHeHTa- 
MM TONAMBa, KMAKOCTHBIA pakeTHbIi ABHTa- 
TeNb, arperatbl ynpaBneHHA pyNAMM pakeTel, 
NpvemHuk KoMaH ynpaBneHua. 


n 1956-1957, the Fakel Engineering 

Design Bureau studied the possibility 

of creating the V-850 missile for the 

S-175 mobile AD missile system, which 
featured a longer operating range com- 
pared to the earlier created S-75 system. 

The V-850 was a two-stage missile 
employing a normal aerodynamic configu- 
ration with destabilizers mounted in the 
fore part of the missile, four high-aspect 
delta wings, control surfaces and stabiliz- 
ing fins. The missile is launched at an 
angle from a launcher laid in elevation and 
azimuth. Missile flight control and guid- 
ance are accomplished via radio com- 
mands from a ground guidance radar. 

The first stage of the V-850 consists of 


four solid-propellant engines arranged in 
the sustainer stage of the missile, between 
its wings. The second stage is fitted with a 
liquid-propellant pump-feed engine. 
Structurally, the sustainer stage of the 
V-850 consists of a number of sections 
housing a radar fuze, a warhead, onboard 
equipment units, propellant tanks, 
a liquid-propellant rocket engine, missile 
control surface actuators and a control 
command receiver. 


ua 3enmTHble pakerbi ana Bock MBO 
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3PK C-200. 3enntHan ynpapnaemaa paketa 5B21 


eHMTHaA ynpaBnaeman paketa Gonb- 
woi janbHoctn 5B21 npequasHayena 
ANA NopaxeHnA pasnM4HbIx cpepcTs 
BO3AYWHOFO HanafeHHA: CamoneToB 
CTpaTern4eckol 4 TakTH4eCKON aBnaynn, a 
TakKe KpbiNaTbIX pakeT BO3AYWHOFO H Ha- 
3eMHOrO 6a3KpoBaHHA — B WHPOKOM AMa- 
na3one ycnoBnit Wx Goesoro npumeHeHua. 
5B21 npeactasnaet co6oi asyxcty- 
neHyatylo pakety, BbINONHEHHyIO NO HOp- 
ManbHO azpoAMHamM4ecKkon Cxeme, C 4e- 
TbIPbMA TPeYrONbHbIMM KPbINbAMM BonbwO- 
ro yAnMHeHHA. 

Crapt pakerbi — HaknoHHbiii, c nocTo- 
AHHBIM YOM BO3BbIWEHKA, C NYCKOBOM yc- 
TaHOBKH, HaBOAMMO NO a3zKMyTy MecTa. 
Ynpasnenne nonetom m HasefeHne Ha Yenb 
OCywWeCTBAAETCA C NOMOUbIO ycTaHoBneH- 


Holi Ha pakeTe nonyakTMBHOM pagnonoKa- 
YMOHHON ronoBKM CaMOHaBepeHHa. 

Nepean crynexb 5B21 npeqctasnaet 
co6oii Yerbipe TeepgoToNnMBHbIx ABHraTe- 
JA, YCTAHOBNEHHBIX Ha MapweBO CTyneHH 
pakerb! Mexkay KpbinbamH. Bropaa cryneHb 
OCHau\eHa KHAKOCTHOA ABHraTenbHO yc- 
TaHOBKOM C HaCOCHOM CMcTemoH noga4n 
KOMNOHeHTOB TonnHBa B ABHraTenb. KoH- 
CTpyKTMBHO MapweBaA CTyneHb 5B21 co- 
CTOMT M3 pAfa OTCeKOB, B KOTOpbIx pacno- 
nookeHbl: NonyakTMBHaA paqnonoKayHoH- 
Han ronoska CamoHaBefeHua, GnoKu Gop- 
Toso annapatyps! ynpasneHnA noneTom 
PakeTb, OCKONOYHO-dyracHan 6oesaa 
4actb, 6aku Cc KOMNOHeHTaMM TONAMBa, 
KWAKOCTHIM pakeTHbIA ABMraTenb, arpera- 
Tol YNPaBNeHMA PynAMM paKeTi. 


he 5V21 AD long-range missile is 

intended to engage various air 

attack weapons: strategic and tacti- 

cal aircraft, as well as air-launched 
and ground-launched cruise missiles in 
a wide range of their combat use. 

The 5V21 is a two-stage missile 
employing a normal aerodynamic configu- 
ration with four high-aspect delta wings. 

The missile is fired from an oblique 
constant elevation launcher laid in 
azimuth. Missile flight control and guid- 
ance are accomplished via a semiactive 
radar homing head mounted on the 
missile. 

The first stage of the 5V21 consists of 
four solid-propellant engines mounted on 
the sustainer stage of the missile, between 


its wings. The second stage is fitted with a 
liquid-propellant pump-feed engine. 

Structurally, the 5V21 sustainer stage 
consists of a number of sections housing 
a semiactive radar homing head, onboard 
flight control equipment units, a HE frag- 
mentation warhead, propellant tanks, a 
liquid-propellant rocket engine, and con- 
trol surface actuators. 


ss Frakel’s Missiles 


| 3eHMTHbIe pakeTbI ANA BOUCK MBO Missiles for the Air Defense Forces 


1, Paxema 5821 na nyckosod ycmaxoaKe 
5V21 missile on the launcher 


2,3. Cmapm paxeme: 5B21A 
Launch of 5V21A missile 
4,5. Omdenenue ycnopumened 
Separation of boosters 
6. Mopaxenue yenu 
Hitting the target 


7. Paxema 58218 wa aamomamuyeckoi sapaKxarumed ycmanosKe 
5V21V missile on the automatic loader 
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3PK C-200. 3eHMTHaA ynpaBnaemaa pakeTa 5B28 


S-200 AD missile system. 5V28 guided missile 


ny6okaa MopepHM3ayHA paKerbi 

5B21. OcHosHbie HanpasneHua Mo- 

AepHw3zaynn: yctaHoBKa Gonee co- 

BepweHHbIX 3nemeHTOB GopToBoli an- 
Napatypbl, 6oprosoro McTOYHMKa NMTaHMA, 
amnynn3MpoBaHHOu MapweBow ABHraTenb- 
Holt ycraHosKn. MogepHu3zayna nozeonuna 
3HaNMTeNbHO YBENM4HTb 30HY NOpaKeHMA 
BO3AYWHEIX YeNei NO AaNbHOCTH HM BbICOTe, 
NoBbICHTb 3pdekTHBHOCTb NoparKeHnA 
BbICOKOCKOPOCTHBIX Yenei. 

Crapt paketbi — HakKNOHHbIl, C NocTO- 
AHHbIM YINOM BOSBBIWIEHMA, C MYCKOBOM yc- 
TaHOBKM, HaBOAMMOM NO a3MMyTy MecTa. 
Ynpasnexue nonetom m HaBepeHue Ha Yenb 
Ocyu\ecTBAAeTCA C NOMOUbIO yCTaHoBNeH- 
HOM Ha pakeTe nonyakTMBHOM pagnonoka- 
UMOHHOK FONOBKM CaMOHaBefeHnA. 


Pakerbi “@akena” 


Nepean ctyneHb 5B28 npegcrasnaer 
co60i YeTbIpe TaepAoTONAMBHbIx ABMraTe- 
A, YCTAHOBNEHHBIX Ha MapweBOi CTyNeHH 
pakerbi Mexay Kpbinbamn. Bropaa cryneHb 
OCHaleHa KWAKOCTHOM ABHraTenbHO yc- 
TaHOBKOM C HACOCHOM CHCTeMOM nopa4n 
KoMnoHeHTos TonnMea 8 ABuratenb. KoH- 
CTpykTMBHO MapwesaA CTyneHb 5B28 co- 
CTOMT M3 pAga OTCeKOB, B KOTOPbIX pacno- 
nOKeHbI: NONyaKTMBHAR pagnonokayMoH- 
Hag ronoBka CamoHasegenna, GnoKn Gop- 
Toso annapatypsi ynpasneHnA nonetom 
Pakerbl, OcKONO4HO-dyracHan GoesaAn 
yactb, 6aKM C KOMNOHeHTAaMM TONAMBa, 
OKMPKOCTHBIM pakeTHbIN ABMraTeNb, arpera- 
Tol ynpaBneHMA pynAmn pakeTel. 

Paketa BbinyckanaCb 8 pa3nM4HbIx MO- 
AMdukaunax, 8 Tom Yncne 5B28M. 


he 5V28 is a radically modernized 

version of 5V21 missile. It features 

the use of upgraded onboard equip- 

ment units, onboard power source 
and sustainer propulsion plant capsule 
that allowed the designers to substantial- 
ly increase the kill zone of air targets in 
range and altitude, as well as the speed of 
the targets to be engaged. 

The missile is launched at an angle 
with a fixed elevation from a launcher laid 
in azimuth. Missile flight control and 
guidance are accomplished via a semi- 
active radar homing head mounted on the 
missile. 

The first stage of the 5V28 consists of 
four solid-propellant engines mounted in 
the sustainer stage of the missile, between 


its wings. The second stage is fitted with 
a liquid-propellant pump-feed engine. 
Structurally, the sustainer stage of the 
5V28 consists of a number of sections 
housing a semiactive radar homing head, 
onboard flight control equipment units, a 
HE fragmentation warhead, propellant 
tanks, a liquid-propellant rocket engine, 
and missile control surface actuators. 
There were several modifications of 
the missile, including the 5V28M version. 
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Pakertei “®Makena” 


1,3. Poxema 5828 na nonuzone 
5V28 missile at a firing range 
2. Cmapm paxemsi 5828 
Launch of 5¥28 missile 
4. Ba0k cmapmoesix ycxopumened 
Boost cluster 
5. Aspodunamuveckuil pynb 
Aerodynamic control surface 
6. Paxema 5828 
5V28 missile 
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3PC C-300N. 3enutHaa ynpapnaemaa paketa 5B55K 


S-300P AD missile system. 5V55K guided missile 


eHMTHaA ynpaBnneman paketa cpeA- 

He fanbHocTn 5B55K npeava3Hae- 

Ha ANA NOpaKeHMA Kak COBPEMEHHEIX, 

Tak W nepcnekTHBHbIX CpeacTs B03- 
AywHoro HanajeHua: CamoneTos crpatern- 
4eCKOH, TaKTHYeCKON WM MOPCKOM aBMaynn, 
CTpaternyeckux KpbinaTbIX paket, aBHal\H- 
OHHbIX pakeT, TAKTMYeCKMX M ONepaTHBHO- 
TakTH4ecKHx BannncTH4ecKHx paKeT, Gec- 
NMNOTHBIX NeTATeENbHbIX aNNapatos — B WH- 
POKOM QMana3oHe ycnosMi ux G6oesoro 
npwmeHeHna. 

Paketa 3KchayaTupyeTca 8 repMeTH4- 
HOM TpaHCnOpTHO-nycKOBOM KOHTelHepe 
(TNK) w He Tpe6yet nposepok uw perynupo- 
BOK B TeYeHHe BCero CpoKa CnyKObI. 

5B55K — ogvoctynenyataa paxera, 
BbINONHEHHaA NO HOPMaNbHO a3spoqnHa- 
MMYeCKOH CxeMe, C packpbiBaembIMH NOCne 
crapta pynamun. 

Crapt paketbi — BepTHkanbHbii, C no- 
MOUJbIO ycTaHoBneHHoH B TMK KaTanynbrTel, 


ETI Pacers “Sonera” 


6e3 npegsaputenbHoro pasBopota nycKo- 
BO ycraHoBKH B CTopoHy Yenn. Nocne 3a- 
fycka AsHraTena pakeTa CKNOHAeTCA B Tpe- 
G6yemom HanpaBneHMM 8 3aBMCMMOCTH OT 
NonoKeHHA YeNH NP NOMOU\M raz0BbIX py- 
nei-3nepoHos. 

Ana Hasegenna pakerbi Ha Wend HC- 
Nonb3yeTca pagMoKomaHAHblii MeTog. Oc- 
Kono4Ho-cyracHaa 6oesan YacTb Gonbwoh 
MOU\HOCTH B CO4eTAHMM C BBICOKHMH Nepe- 
rpy3kamu, KoTOpbie cnoco6Ha BbigepKn- 
BaTb pakera, O6ecneunsawrT a>pextHBHoe 
nopaxkeHne yenel, 8 TOM 4ucne M MHTeH- 
CMBHO MaHeBpMpyiouynx. 

Paketa 5B55K ocHaujeHa BbICOKO3qp- 
bektHBHbIM TBepgoTONAMBHbIM ABKraTe- 
em. KOHCTpykTMBHO OHa COCTOMT M3 paga 
OTCeKOB, B KOTOPbIX pacnonoxkeHbi: BbINON- 
HeHHaa B BMge MOHOONOKa GopToBaa anna- 
Patypa, Ockono4Ho-pyracHan Goesaa 
4aCTb, TREPAOTONAMBHBIA pakeTHbI ABMTa- 
Tenb, arperarbi ynpasneHua pynamn. 


he 5V55K medium-range missile is 

intended to engage the in-service air 

attack weapons as well as those 

under development, including 
strategic, tactical, and naval aircraft, 
strategic cruise missiles, air-launched 
missiles, tactical and theater ballistic mis- 
siles and UAVs in a wide range of their 
combat use. 

The missile is operated in a sealed 
transporting-launching container and 
requires no maintenance or check-ups 
throughout its entire service life. 

The 5V55K is a single-stage missile 
employing a normal aerodynamic configu- 
ration with control surfaces that are 
unfolded after launch. 

The missile is launched vertically with 
an aid of a catapult mounted in the trans- 
porting-launching container, without 
prior laying the launcher in the direction 
of the target. After the blast-off, depend- 


‘ing on the position of the target, the mis- 
sile is deflected in the desired direction by 
means of gas vanes (ailerons). 

The missile is guided by radio com- 
mands. A powerful fragmentation warhead 
coupled with the missile’s ability to with- 
stand high g-loads ensures efficient 
destruction of targets, including the 
intensively evading ones. 

The 5V55K missile is fitted with a 
powerful solid-propellant engine. Struc- 
turally, it consists of a number of sections 
housing onboard equipment (as a mono- 
block unit), a HE fragmentation warhead, a 
solid-propellant rocket engine, and con- 
trol surface actuators. 


Fakel’s Missiles 


1, Annapamypussi mono6nox u 6oesan yacms 
Equipment monoblock & warhead 

2. 610K ynpaanenua pynamu 
Control surfaces unit 

3. fasoeuie u a2podunamuveckue pynu-3nepoHbs 
Gas vanes and ailerons 


4. Myckoeas ycmasoaka paxemei 5B55K 
5V55K missile launcher 


- 


Cmapm pakemss 5B55K 
Launch of 5V55K missile 
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3PC C-300N. 3enutHaa ynpaBnsemaa paketa 5B55P 


S-300P AD missile system. 5V55R guided missile 


eHMTHaA ynpaBnaeman paketa cpeq- 

wei janbHocTw 5B55P npequasHaye- 

Ha ANA NOpaxkeHMA Kak COBPEMeHHbIX, 

Tak W nepcnekTHBHbIx CpeActs 803- 
AylwHoro HanageHua: CaMoneTos CTpatern- 
4YeCKOu, TaKTHYeCKON WM MOPCKOM aBMayMn, 
cTpaTerM4eckux KpbiaTbix paket, aBHayi- 
OHHbIX pakeT, TAKTMYECKHX H ONepaTHBHO- 
TakTM4ecKMx BannncTHYecKHXx paKeT, bec- 
NMAOTHBIX NeTaTeNbHbIX aNnapaToB — B LM- 
POKOM gqnanazoHe ycnosni ux GoeBoro 
npwmeHeHna. 

Paketa akcnnyatupyeTca 8 repMeTH4- 
HOM TpaHCnOpTHO-nycKOBOM KOHTeMHepe 
(TNK) w He Tpe6yet nposepok wu perynupo- 
BOK B TeYeHHe BCero Cpoka CnyK6bI. 

5B55P — oquoctynenyataa pakera, Bbi- 
NonHeHHaA NO HOpManbHON a3poqnHamu- 
YecKO Cxeme, C packpbiBaembimn nocne 
crapta pynamu. Crapt paketbi — sepru- 
KanbHbl, C MOMOUbIO yCTaHOBNeHHOW B 
TNK katanynetel, 6e3 npeasapwTenbHoro 


Pa3Bopora NyckKOBOM ycTaHoBKH B CTOpOKy 
yenn. Mocne 3anycka qsHratena paketa 
CKNOHReTCA B TpebyeMOM HanpaBneHHM B 
3aBMCMMOCTH OT NONOKeHKA YeNK NpH No- 
MOU\M ra30BbIX pyneli-3nepoHos. 

Npw Hasenenmn pakersi Mcnonb3yeTca 
NpMHYMN ConpoBoxRpeHMA YeNH Yepes pa- 
Kety. Ockono4Ho-dyracHaa 6oesaa YacTb 
Gonbwoi MOUHOCTH B CO¥eTaHMM C BbICO- 
KMMM neperpy3KamH, KOTOpbie cnocobHa 
BbiIAepAMBaTb paketa, OFecneYnBaWT Ip- 
bextnBHoe nopaxkeHue yened, 8 TOM Yucne 
W MHTEHCHBHO MaHeBpHpyiouMx. 

Paxeta 5B55P ocHaujeHa BbICOKO3>- 
hekTHBHbIM TeepgoTONAMBHEIM ABHraTe- 
nem. KOHCTpykTMBHO OHa COCTOMT M3 pAfa 
OTCeKOB, B KOTOPbIX pacnono»meHbi: pagno- 
fenexrarop, annapatypHbii oTcek (Gopto- 
Baf annapatypa BbinonHeHa 8 BHAe MOHO- 
6noka), ocKono4HO-tpyracHan 6oeBan 4acTb, 
TBepAOTONAMBHbIA pakeTHbI ABMraTeNb, ar- 
peratei ynpaBneHHa pynAamu pakeTbl. 


he 5V55R medium-range missile is 
intended to engage the in-service air 
attack weapons as well as those 


under development, including 
strategic, tactical, and naval aircraft, 
strategic cruise missiles, air-launched 
missiles, tactical and theater ballistic mis- 
siles and UAVs in a wide range of their 
combat use. 

The missile is operated in a sealed 
transporting-launching container and 
requires no maintenance or check-ups 
throughout its entire service life. 

The 5V55R is a single-stage missile 
employing a normal aerodynamic configu- 
ration with control surfaces that are 
unfolded after launch. 

The missile is launched vertically with 
an aid of a catapult mounted in the trans- 
porting-launching container, without 
prior laying the launcher in the direction 
of the target. After the blast-off, depend- 


ing on the position of the target, the mis- 
sile is deflected in the desired direction by 
means of gas vanes (ailerons). 

The missile is guided by radio com- 
mands. A powerful fragmentation warhead 
coupled with the missile’s ability to with- 
stand high g-loads ensures efficient 
destruction of targets, including the 
intensively evading ones. 

The 5V55R missile is fitted with a pow- 
erful solid-propellant engine. Structurally, 
it consists of a number of sections housing 
onboard equipment (as a monoblock unit), 
a HE fragmentation warhead, a solid- 
propellant rocket engine, and control 
surface actuators. 
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a 1. Myckoeas ycmanoexa c pakemamu 5B55P 
(Apmua Cnoeaxuu) 
Launcher fitted with 5V55R missiles 


| (Army of Slovakia) 


| 2.3,4. Cmapm pakembi 5B55P 
| Launch of 5V55R missile 
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3PC C-3001M. 3enutHaa ynpaBnaemaa paketa 48H6 


S-300PM AD missile system. 48N6 guided missile 


eHMTHaA ynpasnaeman paketa Gonb- 
wow fanbHoctw 48H6 npegHa3zHaye- 
Ha ANA NoparkeHnA Kak COBPEMEHHDIX, 

Tak W MepcnekTHBHbIX CpeAcTe B03- 
AylwHoro HanageHua: camoneros crpatern- 
4eCKOM, TAKTHYeCKOM M MOPCKOM aBnaynn, 
CTpatern4ecknx KpbinaTbIx pakeT, aBnaun- 
OHHBIX pakeT, TAKTH4eCKMX M ONepaTHBHO- 
TakTn4eckux GannucTuyecknx paker, Gec- 
NMAOTHBIX NeTATeNbHbIX annapatoB, — BO 
BCeM AMana3oHe ycnoBHii ux 6oeBoro npH- 
MeHeHMA. 

Paketa akcnayarupyerca 8 repMeTHY- 
HOM TPaHCNOpTHO-nycKOBOM KOHTeMHepe 
(TMK) # He tpe6yet nposepox w perynu- 
POBOK B Te4eHMe BCerO CpoKa Cayx6bl. 
48H6 — oqHoctyneHuataa pakerTa, Bbinon- 
HeHHaA NO HOPManbHOM a3poqMHamnyec- 


Ko cxeme, C packpbisaembimn nocne 
crapta pynamu, 

Crapt pakerbt — septHkanbHbii, C no- 
MOUbIO ycTaHOBNeHHON 8 TIK Karanynerel, 
6e3 npeasapwTenbHoro pazBopota nycKo- 
BOM ycTaHOBKH B CTopoHy Yen. Nocne 3a- 
hycka ABMraTena pakeTa CKNOHAeTCA B Tpe- 
Gyemom HanpasneHHn B 3aBHCMMOCTH OT 
NonokeHHA YeNH NpH NOMOU\M ra30BbIX py- 
Aei-3nepoxos. 

Npw HaBegeHmn pakeTei Mcnonb3yeTca 
NpHHYMN CONpoBOxkAeHHA YeNH Yepes Ca- 
my pakety. OckonoyHo-tyracan 6oesan 
yacTb 6onbwo MOWHOCTH B Co4¥eTaHHH C 
BbICOKMMM Neperpy3KaMM, KOTOpbIe cno- 
co6Ha BbiqepxKHBaTb pakera, O6ecneynBa- 
1oT 3cextusHoe nopaxkenve yenei, 8 TOM 
4Mcne W MHTeHCHBHO MaHeBpHpyioulHx. 


he 48N6 long-range missile is 

intended to engage the in-service air 

attack weapons as well as those 

under development, including 
strategic, tactical and naval aircraft, 
strategic cruise missiles, air-launched mis- 
siles, tactical and theater ballistic mis- 
siles, and UAVs in the complete range of 
their combat use. 

The missile is operated in a sealed 
transporting-launching container and 
requires no maintenance or check-ups 
throughout its entire service life. The 
48N6 is a single-stage missile employing a 
normal aerodynamic configuration with 
control surfaces that are unfolded after 
launch. 

The missile is launched vertically with 


an aid of a catapult mounted in the trans- 
porting-launching container, without 
prior laying the launcher in the direction 
of the target. After the blast-off, depend- 
ing on the position of the target, the mis- 
sile is deflected in the desired direction by 
means of gas vanes (ailerons). 

Missile guidance is of the missile- 
tracking type. A powerful fragmentation 
warhead coupled with the missile’s ability 
to withstand high g-loads ensures effi- 
cient destruction of targets, including the 
intensively evading ones. 
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. Cmapm paxemsi 4H6E Ha esicmaske IDEX'93 8 Aby-/la6u 


48N6E missile launched at IDEX'93 in Abu Dhabi 


. Myckosaa ycmanoska c pakemamu 48H6 


48N6 missile launcher 


|. Paxema 48H6 8 mparcnopmno-nycKoBom KoHmelinepe 


48N6 missile in transporting-launching container 


|. fas0ebie u aspodukamuveckue pynu-3nepoHt 


Gas vanes and ailerons 


5,6. Cmapm paxemss 48H6 


Launch of 48N6 missile 
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XapakTepMcTHKM 3CHMTHBIX ynpaBsAembIx paket ANA 3PK Bolick MBO 
Missiles for the Air Defense Missile Systems (Basic Characteristics) 


3ona nopamenin, KM Maxcumansnan Macca pakers, xr | Macca Goesoli vacra Paamep pakersl, M 
ickopocte nopagaemon panersy, Kr bin 
Target engagement zone, km ana Overall dimensions, m 


Haseanne Designation To MCT RouGEne 


anamerp pasmax Kpbinbes 
Max target speed, | Missile weight, kg | Warhead weight, kg (cra6unnsaropos) 


range altitude ‘ele diameter wing (fins) span 


in 1D 
110 11D 
134, 13D 
20A 20D 


5A23 5Ya23 


5B24 5V24 


5B27 5V27 


5B27ME | 5V27DE 


B-850 V-850 no/up to 60 


5B21 5V21 17° -160 


5B28 5V28 no/up to 240 


5B55K 5V55K - 47 


5B55P 5V55R 


48H6 48N6 
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PakeTbi AA BOUCKOBbIXx 
cuctem MBO 


Missiles for the Army 
AD Systems 


NbiT paspa6orkn M 3kChayaTayMn 3e- 

HMTHBIX PakeTHbIX CpemcTs, HaKoN- 

WeHHbIA K KOHUY 1950-x rofoB, no3- 

BOAMN NOCTABUTb NepeA KOHCTPyKTO- 
Pamn HoBylo 3afa4y: Co3faTb pakeTHbie 
cpeqctea MBO, npequasHayeHHele ana uc- 
NOnb30BaHHA B COCTABE BOMCKOBbIX CoeAN- 
HeHMii. MHTeHCHBHOCT 3TMX paboT 3Ha- 
4uTeNbHO BO3pOCNa Nocne Toro KaK B aB- 
rycre 1958 roa w3 coctasa aptuanepuu 
CyxonyTHbIix BOCK HCKNIONMAM 3eHHTHBIC 
apTunnepwiickne WM paqnoTexHu4eckne 
yactu, Ha wx ocHose Ginn o6paz0BaHbi 
camoctostenbHbie BovcKa MBO Cyxonyr- 
HbIX BOUCK, 

flepsan pa6ota MKB “®axen” gna 
BowcKoBbIx cucTem [BO — 3eHHTHaR yn- 
pasnneman paxerta 19/] ana 3PK cpequen 
Aanbxoctn “Kpyr”, KoTopbii Cozqasanca 8 
HMM-20 (Hay4Ho-nccnegosatenbcKHi anekT- 
pomexanuyeckni wHcTHTyT — HA3MM). Ha- 
Yano 3T0H paborbi 6bino nonoxKeHo Nocta- 
HosneHnem LK KNCC wu Coseta muHucTpos 
CCCP ot 4 nina 1959 rona N° 735-338. 
Heckonbko paHbwe CBOM BapMaHT pakeTbi 
ana 3PK “Kpyr” npeanoxuno ceepa- 
noscxoe OK6-8 nog pykosopctsom 
J1.B. Slionbesa. 

PeweHve o napannenbHoi pa3pa6or- 
Ke AByX paket ANA OAHOro 3PK npecnego- 
BaNO ABOAKYIO YeNb: Kpome “nogcTpaxos- 
Ku” CBepANOBCKHX KOHCTpyKTOpos, onpo- 
Gosanacb wgea yHuduKauMn pakeTHoro 
opyxua. Paspa6orka pakerbi 17/), 8 KoTo- 
pow npeg~nonaranoc wcnonb30BaTb Map- 
wesbit TBepAOTONAMBHEIA pakeTHO-npa- 
MOTOYHbIN ABUMraTeNb, a TakKKe WM Apyrne 
WeHHbIe JOCTHKEHMA HayKH M TEXHMKH, Be- 
AlaCb B TO BpeMA M ANA MOAeEPHH3MpOBaH- 


Horo BapwaHTa 3PK Bolick MBO C-75. On- 
HaKO neTom 1963 roga pa6ors no 17) w 
19]] 6einuw npekpawjeHbi M3-3a YpesBbiyai- 
HOM CAOKHOCTH AOBOAKK ABKraTeNnbHOA 
ycTaHOBKH. 

B Hayane 1960-x rogos 8 MKB “®aken” 
Take paCCMaTpMBanacb BO3MOKHOCTb 
npumexedua B coctase 3PK “Kpyr” 3eHuT- 
HO paKetbi 4K60, co3qaBaswenca ANA KO- 
pa6enbxoro 3PK M-11. B otnuuue oT Kopa- 
6enbHoro, HoBbIA BapHaHT Gein AByxcTy- 
NeH4aTbiM, OCHalaBLUMMCA TBepAOTONAMB- 
HbIMM yCKOpHTenAMH. 

Cneayiouan pabota MKB “®axen” B 
o6nactw BolicKoBbIx cpegcte MBO - yHu- 
qbuunposakHan paketa 9M33 ana co3pa- 
Basweroca 8 HAM-20 camoxoguoro aBTo- 
HomHoro 3PK “Oca”, a TawxKe ANA KOpa- 
6enboro 3PK “Oca-M”. Nonayany cyab6a 
370M — HeGonbuIMx pa3MepoB H MaCCbI — 
PakeTbi cknapbiBanact KpaliHe CNOKHO M 
fake APaMaTH4HO. 3aMeHANMCh HE TONBKO 
PykoBoquTenh npoekta, HO M OpraHH3a- 
\un-pa3zpaboruuKn, 

PaGora, Hayatan oceHbio 1960 roga 8 
KOHCTpykTopckom 610po Mockosckoro 3a- 
Boa N° 82, oka3anacb 6GesycnewHou, vB 
cexta6pe 1964 roga cneywanbHbim pewe- 
vem Mpasmtenscrsa crpatbl 6bina nepena- 
Ha 8 MKB “®axen”. Onuit, KoTopbim o6naga- 
aM K TOMY BpemeHH CneynanncTer “MaKena”, 
Wx TBOpYeCKaA HalleNeHHOCTb Ha NOMCK 
NepcnekTMBHbIX KOHCTPyKTOPCKMX M TeXHO- 
NOFMYeCKHX PeWeHKA NO3ZBONKAM B KpahHe 
CkaTbIe CPOKM QObuTeCA BNeyaTnAWWMX 
pe3yneratos. Yoke BecHon 1965 roga Ha4a- 
AMCb NETHBIE HCNbITAHMA BHOBb CNPOeKTH- 
POBaHHON pakeTbI, YTO NO3BONMNO BePHyTb- 
cA K NnaHoBomy Temny pabor no 3PK “Oca”. 


he experience in development and 
operation of the AD missile systems 
acquired by the end of 1950s 
enabled the missile designers to turn 
to a new task: the development of the AD 
missile systems intended for the Army 
units. The work was considerably intensi- 
fied after August 1958 when the AD 
artillery and radiotechnical units were 
excluded from the Army artillery. Those 
units became the basis for an independent 
branch, i.e. the Army Air Defense. 
The first product of the Fakel 
Engineering Design Bureau intended for 
the Army AD was the 19D missile designed 


for the medium-range Krug AD missile 
system developed in the Research 
Institute #20 (Moscow Electromecha- 
nical Research Institute, NIEMI). The work 
was launched by the Decree #735-338 of 
the Central Committee of the Communist 
Party of the Soviet Union and the USSR 
Council of Ministers of July 4, 1959. 
Earlier, the Sverdlovsk-based Design 
Bureau #8 headed by L. Lulyev proposed 
its own version of a missile for the Krug 
AD missile system. 

The decision on the simultaneous 
development of two versions of missiles 
for the same AD missile system had double 


3PK “Oca-AKM” 
Osa-AKM AD missile system 
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Npunataa Ha BoopyxkeHne oceHbio 
1971 roga paketa 9M33 HeogHoKpaTHO 
MOAepHU3MpoBanach, NpH 3TOM NocTOAH- 
HO yny4wanucb ee XapakTepucTMKn uM 
aKChayaTayHoHHble NoKa3aTenn. Mocnep- 
Hve BapwaHTbl 3PK “Oca” ocHawjeHbi pa- 
KeTam4 9M33 B TpaHcnopTHo-nycKoBbix 
KOHTeMHepax. 

Bnepsbie 8 Goesbix jelicrauax pake- 
Tol 3PK “Oca” npwnann yyactne BecHol 
1981 roa np otpaxkeHun u3paunbcKnx 
Gom6osbix yaapos no cupHiicKHM Boli- 
ckam B Jivpane. 

Onbit, HakonneHHbiit Ha pakete 9M33 
Ana 3PK “Oca”, oveHb npwroguaca, Korga 
co3qasanacb paketa HoBoro noKoNeHHA 
9M330 gna camoxoquoro 3PK “Top” (rono- 
BHan Opraku3ayna — HAMM). 

Pa3pa6orka 9M330 Ha4anace B 1976 ro- 
ay. Cneynannctei MKB “Maken” Hann pag 
NPMHUMNMANbHO HOBbIX peweHHu, aHano- 
fOB KOTOpPbIM B TO BpemaA HE 6bin0 Hu B oTe- 
YeCTBEHHOU, HM B 3apyOexXHOM npakTuke. 
Oum npegnorkunn coBepweHHO HoByi0 
KOHUeNYMIO TaKTHYeCKON 3EHMTHOH ynpaB- 
Aaemon pakerbl. Oda AomkHa Gbina Beptu- 
KanbHO CTapToBaTb C NOMOLbIO KaTanynb- 
THpyloulero yCTpolcTBa M3 yCTaHOBNeHHO- 
ro Ha camMoxogqHoh yCTaHOBKe WK Ha KO- 
pa6ne (9M330 npegua3Hayena TakKe uv 
ANA Mcnonb30BaHMA B COcTaBe Kopabenb- 
Horo 3PK “KnwHok”) TpaHcnoptHo-nycko- 
BOrO KOHTeiHepa, pasBopaynBartbca cne- 
\WanbHOn raz0qnHamM4eckow CucTemon B 
TpeGyemom HanpasneHMu M 3aTem, nocne 
3anycka Mapwesoro ABMraTenA, BbIXOAUTb 
Ha TpaeKTOpHlO HaBeMeHMA Ha YeNb. 

AapoamHamuueckan cxema 9M330 
aHanoru4Ha cxeme 9M33, 4To no3Bonuno 


Purpose: apart from “securing” the 
Sverdlovsk designers, there was an idea 
to unify the missile weapons. The 17D 
missile, which was supposed to feature 
solid-propellant ramjet sustainer, as well 
as to implement other valuable scientific 
and technological achievements, was 
also being developed for the modernized 
version of the S-75 AD missile system of 
the AD Forces. However, in the summer of 
1963, the work on 17D and 19D missiles 
was stopped due to the baffling complex- 
ity of the power plant operational 
adjustment. 

In the early 1960s, the Fakel Engine- 
ering Design Bureau was considering the 
idea of employing the 4K60 AD missile in 
the Krug AD missile system. This missile had 
been designed for the shipborne M-11 AD 
missile system. Unlike the shipborne ver- 
sion, the new system featured a two-stage 
scheme with solid-propellant boosters. 

The next item elaborated by the Fakel 
Engineering Design Bureau for the Army 
AD systems was a unified 9M33 missile for 
the Osa self-propelled autonomous AD 
missile system developed in the Research 
Institute #20, and for the Osa-M shipborne 
AD missile system. At first, the destiny of 
these small-size and low-weight missiles 
was quite complicated and even dramatic: 
not only the heads of the projects, but 
even the developing organizations were 
changed. 

The project that was launched in the 
autumn of 1960 in the design office of 
Moscow Plant #82 turned out to be 
unsuccessful, and under a_ special 
decision of our country’s government the 


YP 9M331 8 KoHmednepe u 3PK “Top-M1" 
9M331 missiles in container & Tor-M1 AD missile system 
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3PK “Top-M1” 
Tor-M1 AD missile system 


oGecneynts HeOobxog_nmyi0 npeemcrBeH- 
HocTb paspa6orkn. Tak Ke, Kak H Ha 9M33, 
Ha 9M330 ucnonb30BaH Bpauiaiouniica 
OTHOCHTeENbHO NpoOAONbHOM OCH paKeTbI 
Kpbinbesow 6n0K Ana HelTpanu3zaynu 
Bo3qfelictana MoMeHTa “KOCOM O6p~ysKH”, 
xapakTepHOro ANA azpoAnHamuM4eckonK 
cxemb! “yTka”. 

Kak w B Cnyyae C Apyrumn 3eHUTHEIMK 
paketamm HoBOrO NoKONeHMA, NpH Co3pa- 


Huw 9M330 peann3oBana KOHUen\HA O6ec- 
neyeHna HapexKHOCTH ee Gecnposepo4Hon 
SKCNAyaTauMM B BOMCKAX M Ha (pore B Te- 
4eHMe BCero rapaHTMAHOro Cpoka. 

C npwHatnem Ha BOOpyKeHMe pakerbi 
9M330 uM ee MogepHH3MpoBaHHbix Bapnah- 
Tos 6bina 3anoxKeHa NpOYHaA OCHOBa ANA 
adextnsHon Gope6ei w Ha none Gon, u Ha 
Mope C CaMbIMM COBEPWeHHbIMU CpeAcTBa- 
Mv BO3AYWHOrO HanapeHua. 


work was transferred to Fakel in 
September 1964. The experience that the 
Fakel’s experts possessed at that time, 
their creative intention to find perspec- 
tive design and technological decisions 
enabled them to achieve impressive 
results within an extremely short period 
of time. As early as in the spring of 1965, 
they started flying tests of a newly 
designed missile that allowed returning 
to the scheduled timing for the develop- 
ment of the Osa AD missile system. 

The 9M33 missile adopted for service 
in the autumn of 1971 has been modern- 
ized several times, and its characteristics 
and operational parameters have been con- 
tinuously improving. The latest versions of 
the Osa AD missile system have been 
equipped with the 9M33 missiles placed in 
transporting-launching containers. 

The first combat employment of the 
Osa AD system’s missiles took place in the 
spring of 1981, when repelling the Israeli 
bomb strikes at Syrian troops in Lebanon, 

The experience of the Osa AD sys- 
tem’s combat employment was very use- 
ful for the development of a new-genera- 
tion 9M330 missile intended for the self- 
propelled Tor AD missile system (designed 
by NIEMI). 

The development of the 9M330 began 
in 1976. The Fakel’s experts found a number 
of absolutely new designs that at that time 
had no analogs either in the domestic prac- 
tice or abroad. They developed an entirely 
new concept of combat employment of the 
tactical AD missile. It was supposed to be 
vertically launched by means of a catapult 
placed in a transporting-launching con- 


tainer installed on a self-propelled AD mis- 
sile system or aboard a ship (the 9M330 
missile is designed for employment with 
the Klinok shipborne AD missile system, as 
well), to be deflected by a special gas- 
dynamic system in a required direction and 
then, after the start of the sustainer, to 
enter the target guidance path. 

The 9M330 missile’s aerodynamic con- 
figuration is similar to that of the 9M33 
providing for the necessary continuity in 
their development. Similar to the 9M33, 
the 9M330 missile features a rotating con- 
trol surface unit that spins along the mis- 
sile’s longitudinal axis for the neutraliza- 
tion of the “slanting flow”, which is typical 
for the canard aerodynamic configuration. 

Like in the cases of other new-genera- 
tion AD missiles, during the development 
of the 9M330 missile the specialists 
employed the concept of guaranteed relia- 
bility of its operation in the Army and in 
the Navy without any maintenance during 
the entire service life. 

Adopting the 9M330 missile and its 
modifications for service formed a solid 
basis for the effective struggle both on 
land and at sea against the most advanced 
air attack means. 
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3PK “Kpyr”. OnbitHaa 3eHuTHaA ynpaBnaemaa paketa 19]) 
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azpa6otky 3YP 19f) Hayann B MKB 
“@axen” 8 COOTBeTCTBMU C BbINyWeH- 
HbiM B MiONe 1959 roga nocTaHoBne- 
Hem pyKOBoACTsa CTpakbl. 
Asyxctynenvatan paketa 19f] ebinonHeHa 
NO HOpManbHow aspoqnHamnyecKoli cxe- 
me. Ha kopnyce Mapwesoro TeepgoTonnnB- 
HOrO MpAMOTOYHOrO BO3AYWHO-peaKTHB- 
Horo qBuratena (MBP) pasmewexbi Kpbi- 
‘iba W pyn, Bropaa CtyneHb cocToana M3 
NATH OTCeKOB, a ee KOpNyc 6bin BbINONHEH 
aHanorm4Hbim Kopnycy paker “cemeiicrBa” 
1{). Nepeguaa yactb mapwesoi cryneHn 
yHucuunposana C paketou 20/). B 3aquei 
4acTH Mapwesoi cryneHM pacnonaranca 
ra3oreHepaTop C TONNMBOM M MexaHH3MbI 
ynpasnenya pynamn. B nepequeli w 3aqHei 


Krug AD missile system. 19D experimental guided missile 


|| 


eR 


4acTAX pakeTbI Ha BHEWHeM KOpnyce MBP 
Pa3mewjanuch aHTeHHbI. YckopuTenb 19/) 
COCTOAN M3 pakeTHOro ABMraTenA TeepAOrO 
Tonnnea (PTT), yeTbipex crabuausatopos, 
ynopHoro KoHyca M xBOCTOBOrO OTCeKa. 

B 1961-1962 rogax nposenn HecKonb- 
Ko nyckos 19f. 

Peaynbratbi, nonyyeHHble B Nnpoyecce 
3TWX NYCKOB, OKA3A/M 3HAYMTeNbHOe BAMA- 
Hue Ha nposegedue 8 MKB “@aken” u B ero 
MOCKOBCKOM dunnane AanbHemwux pabot 
B AaHHOM HanpaBneHnn, a TakwKe Ha NOMC- 
KM HOBbIX NyTel M KOHCTPyKTHBHBIX pewe- 
HHH ANA ROCTWKEHMA MaKCMMaNbHOM 3¢p- 
cpextwsHocTw ucnonb3oBsaHua MBP 6 co- 
ctase 3YP. 


he Fakel Engineering Design Bureau 
began to develop the 19D AD missile 
in compliance with the governmen- 
tal resolution of July 1959. 
The 19D two-stage missile employed a nor- 
mal aerodynamic configuration with wings 
and fins fixed on the ramjet engine’s body. 
The second stage comprised five sections 
and its body construction was similar to 
that of the 1D missile family. The fore part 
of the sustainer was unified with the 20D 
missile. The rear part of the sustainer 
housed a gas generator with fuel and con- 
trol surface actuators. Antennas were 
fixed in the fore and rear parts of the mis- 
sile, on the ramjet’s outer body. The 17D 
booster comprised a solid-propellant 
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engine, four stabilizing fins, a thrust cone, 
and a tail section. 

In 1961-1962, a number of launches 
of the 19D took place. 

The results of these launches consid- 
erably influenced the subsequent work of 
Fakel and its Moscow division in this direc- 
tion and facilitated the search for new 
trends and constructive solutions to 
achieve the maximum effectiveness of 
ramjets used in the AD missiles. 
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3PK “Kpyr”. 3eHutTHaa ynpaBnaemaa paketa 4K60 


Krug AD missile system. 4K60 guided missile 


Hayane 1960-x rogos B MKB “®aken” 
Gbina paccmoTpeHa BO3MO%KHOCTb 
npwmeHenua B coctase 3PK “Kpyr” 
3eHMTHOM pakeTb! 4K60, co3qaBaB- 
weica ana KopabenbHoro 3PK M-11, 

Aakeli sapwant paketbi Gein qpyx- 
CTyNeHYaTbIM, OCHaleHHbIM TBepAOTON- 
AMBHbIMM yCKOpHTenamM. Mapwesaa cTy- 
Neb pakerb! BbinonHeHa NO HOpManbHOA 
a2poqnHamnueckoii cxeme. 

Crapt paketbi — HakKnOHHbii, C nycko- 
BO ycTaHOBKM, HaBOAMMON NO yrny HW a3H- 
myty mecta. YnpasneHve noneTom pakeTbt 
W HaBepeHHe ee Ha Wenb OCyW\eECTBNAWTCA 
No paquokomaxgam. NMogpbis 6oesoh yac- 


TH pakeTbi OCyWeCTBAReTCA NpH nogneTe K 
Yenn Ha HeOGxoAMMoe paccToAHHe no KO- 
MaHge pagnosspbisatena nu6o no KomaH- 
Ae OT CTaHuMM HaBepeHHA. 
KovctpyktHBHO Mapwesaa ctyneHb 
PakeTbI COCTOMT M3 pAfla OTCeKOB, B KOTO- 
Pbix pacnono»xeHbI: pagnos3pbiBatenb, Oc- 
KoNo4HO-qyracHan 6oesaa YacTb, 6noKH 
60prosoh annapatypsi, AByxpexumMHbiit 
TBEPAOTONAMBHBIA pakeTHbI ABHraTenb, 
arperats! ynpasneHua pynAamM paxeTel, 
NphemHMKH KOMaHA ynpaBneHna. 


arly in the 1960s, the Fakel 
Engineering Design Bureau was con- 
sidering the idea of employing in the 
Krug AD missile system the 4K60 
missile, which had been developed for the 
shipborne M-11 AD missile system. 

This missile modification featured two 
stages fitted with solid-propellant boost- 
ers; the sustainer employed normal aero- 
dynamic configuration. 

The missile is fired at an angle from a 
launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands. The 
warhead is detonated in the required prox- 


imity to the target either by a command 
from a radar fuze or from a guidance radar. 

Structurally, the 4K60 missile compris- 
es a number of sections housing a radar 
fuze, a HE fragmentation warhead, 
onboard equipment units, a dual-mode 
solid-propellant rocket engine, missile 
control surface actuators and control com- 
mand receivers. 
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3PK “Oca”. 3eHutTHaA ynpaBnaemaa paketa 9M33 


Osa AD missile system. 9M33 guided missile 


eHMTHaA ynpaBineman pakeTa manoit 
AanbHoctn 9M33 npeqHa3Hayena ANA 
NopaxkeHHA pasnn4bix CpeAcTs B03- 
AywHoro HanageHua: CaMoneTos Tak- 
THYeCKO aBHaynH, BepToneToB W pakeT 
Pa3nM4Hbix KaCCOB — B WMpOKOM Anana- 
30He ycnoBHii ux Goesoro npuMeHeHnA. 
9M33 — oqHoctynenyatan paketa, Bbi- 
NOAHeHHaA NO aspoAMHAMMYeCKO cxeme 
“ytka", CO CBOGOAHO BpallyalouMMcA XBOC- 
TOBbIM KpbINbeBbIM GNOKOM. 

Crapt paket! — HakKNOHHbIl, C nocTo- 
AHHbIM YOM BOSBBIWEHMA, C NYCKOBO! yc- 
TaHOBKM, HaBOAMMO NO a3MMyTy MecTa. 
Ynpasnenne nonetom pakerbi H HaBegeHne 
ee Ha YeNb OCyWIeECTBNAIOTCA NO pagnoKo- 
Maxam, KoTOpble noctynaloT OT CTaHuMH 


WaBeneHHA, pacnonoxeHHoi Ha 6oeson 
mawnue. Mogpbia 6oesom yactw paxkeTbi 
OcyuecTBnAeTCA np noAneTe K Yenn 
no KOMaHfe pagMos3pbisatena nn6o 
no KOMaHAe, nocTynaiowed oT cTaHyHn 
HapepeHna. 

KoxcrpyktuBHo paketa 9M33 cocrouT 
W3 PAAa OTCeKOB, B KOTOPbIX pacnonoxKe- 
HbI; pagMoBspbiBatent, arperatbi ynpasne- 
HMA PyNAMM pakeTbl, OCKONOYHO-GyracHan 
6oesaa 4actb, 6noKH GoptoBo annapaty- 
Pb, ABYXPEXHMHbI TepAOTONAMBHbIM pa- 
KeTHbIM ABMraTenb, NPHEMHHKH KOMaHA yn- 
pasnexua. 

Pakera sbinycKanacb 8 pa3NM4HbIx 
mMoaMdukaunax, B TOM 4ucne 9M33M, 
9M33M2, 9M33M3. 


he 9M33 short-range missile is 

intended to engage various air 

attack weapons: tactical and naval 

aircraft, helicopters and various 
types of missiles in a wide range of their 
combat use. 

The 9M33 is a single-stage missile 
employing a canard aerodynamic configu- 
ration with a freely-rotating aft wing unit. 

The missile is launched at an angle 
with a fixed elevation from a launcher laid 
in azimuth. Missile flight control and guid- 
ance are accomplished via radio commands 
from a guidance radar mounted on a com- 
bat vehicle. The warhead is detonated in 
proximity to the target by a command from 
a radar fuze or from a quidance radar. 


Structurally, the 9M33 missile consists 
of a number of sections housing a radar 
fuze, missile control surface actuators, a 
HE fragmentation warhead, onboard 
equipment units, a dual-mode solid- 
propellant rocket engine, and control com- 
mand receivers. 

There were several modifications of 
the missile, including the 9M33M, 
9M33M2, 9M33M3 versions. 
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- Paxema 9M33 neped nepabim nycxom, mapm 1965 2 
9M33 missile before its first launch, March 1965 


2. Mepasid nyck paxems: 9M33 
First launch of 9M. 


zomoxa poxemi 9M33 x ucnbImaHuAK 
nissile being prepared for tests 


4. Aemoncmpauur 3PK “Oca” na napade, Kpacwar Mnowads, 1973 z 
Osa AD missile system at the parade (Red Square, Moscow, 1973) 
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5. Paxema 9M33M3 u mpancnopmHo-nycxosou KoHmednep 
9M33M3 missile & transporting-launching container 

6. Aspoduvamuyeckue pynu paxembi 9M33 
Aerodynamic control surfaces (9M33) 

7. Kptinsesoil 6nox paxemei 9M33 
Control surface unit (9M33) 


8. 3PK “Oca-AKM” wa ywenuax 
Osa-AKM AD missile system at the exercises 
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1. Myc paxemes 9M33, Apmua Ipeuuu 

Launch of 9M33 missile (Army of Greece) 
2. 3PK “Oco-AKM", Apwun Mlonswu 

Osa-AKM AD missile system (Army of Poland) 
3. 3PK “Oca-AKM”, Apmenua 

Osa-AKM AD missile syst 
4. Jopamanue 3PK “Oca-AKM" 

Loading the Osa-AKM AD m 
5. 3PK “Oca-AKM 

Osa-AKM AD missile system 


Armenia) 


ystem 
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Paketb! ana Bo! 


3PK “Top”. 3eHutHaA ynpaBnaemaa paketa 9M330 


Tor AD missile system. 9M330 guided missile 


eHMTHaA ynpaBnveman paketa manoit 

Aanbxoctw 9M330 npeada3HayeHa 

ANA NopakeHnA pasnn4Hbix CpeacTe 

BO3qyWHOrO HanageHHA: CaMoneToB 
TakTM4ecKOH aBMayHn, BepToneTos, yn- 
papnnembix 6om6 w pakeT pa3nn4Hbix 
KnlaccoB — 8 WMpOKOM AMana3zoHe ycnoBHit 
wx 6oesoro npumeHeHna. 

Paketa aKcnayaTupyeTca 8 repMeTH4- 
HOM TPaHCnopTHO-nyckoBOM KOHTeMHepe 
(TMK), He Tpe6yet nposepok m perynupo- 
BOK B TeYeHHe Bcero Cpoka CnyKObi. 

9M330 — omHoctyneH4ataa pakera, 
BbINONHEHHAA NO aIpoAMHaMM4ecKon Cxe- 
me “yrka”, C packpbigaembiM noche crapTa 
CBOOOAHO Bpal\alOWMMcA XBOCTOBEIM KPbI- 
noesbim 6noKom. Capt paketbi — sepTu- 
KanbHblii, C MOMOUbIO yCTaHOBNeEHHOA B 
TNK katanynere, 6e3 npeasaputenbHoro 
Pa3Bopora nycKOBOi ycraHoBKH B CTOpoHy 
yenn. Mocne sbixoga paket! 43 TINK, ne- 
Pe 3anyckom pa3roHHO-MapwieBoro ABH- 
fratena, OHa CKNOHAeTCA B TpebyeMOM Ha- 


npasneHMn C NOMOUIbIO CneyMaNbHO;K ra30- 
AMHaMMYeCKOl CHCTeMBI. 

Ynpasnenve noneTom pakeTbi W HaBe- 
AeHne ee Ha YeNb OCyueCTBNAeTCA NO pa- 
AMOKOMaHAaM, KOTOpble nocTynaiwT OT 
CTaHuMM HaBegeHMA, pacnonoxKeHHO Ha 
60e80i mawuxHe. NMogpeis 6oesom yactn 
PakeTb! NpoM3BOAMTCA NPM NogneTe kK YeNK 
Mo KOMaHAe paqMos3pbisatena nn6o 
no KomaHge, noctynajoujed oT craHyMn 
HapefeHnn. 

KoxctpyktusHo paketa 9M330 cocto- 
WT M3 PAfa OTCeKOB, B KOTOPLIX pacnono- 
oKeHbI: paAMoB3pbiBaTeNb, arperarbi ynpaB- 
AeHMA PyNAMM PakeTbI, CMCTeMa ra30qMHa- 
MM4eCKOrO CKNOHEHMA pakeTbi, OCKONOY- 
Ho-cyracHan 6oesaa Yactb, 6noKH 6oprto- 
BO annapatyps, AByXpexXMMHbI TeeppO- 
TONAMBHEIN pakeTHbIt ABHraTenb, npHeM- 
HWKK KOMaHA ynpaBneHna. 

Paketa TakoKe BbinyckKaeTCA B MOAMH- 
Kaynn 9M331. 


he 9M330 short-range missile is 

intended to destroy various air 

attack weapons: tactical and naval 

aircraft, helicopters, guided bombs 
and various types of missiles in a wide 
range of their combat use. 

The missile is operated in a sealed 
transporting-launching container and does 
not require any maintenance and check- 
ups throughout its entire service life. 

The 9M330 is a single-stage missile 
employing a canard aerodynamic configu- 
ration with a freely-rotating aft wing unit 
that unfolds after the blast-off. The missile 
is launched vertically from its transport- 
ing-launching container by means of a cat- 
apult mounted in the container, without 
prior laying the launcher in the direction of 
the target. After the missile leaves the 
transporting-launching container and 
before the sustainer booster is started, the 
missile is deflected in the desired direction 
by means of a special gas dynamic system. 


Missile flight control and guidance 
are accomplished via radio commands 
from a guidance radar mounted on a com- 
bat vehicle. The warhead is detonated in 
proximity to the target by a command 
from a radar fuze or from a guidance sta- 
tion. 

Structurally, the 9M330 missile con- 
sists of a number of sections housing a 
radar fuze, missile control surface actua- 
tors, a gas dynamic missile deflection sys- 
tem, a HE fragmentation warhead, onboard 
equipment units, a dual-mode solid- 
propellant rocket engine, and control com- 
mand receivers. 

The modified version of the 9M330 
missile is the 9M331. 
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1. 3PK “Top” c paxemamu 9M330 
Tor AD missile system fitted with 9M330 missiles 


2. Hocosa yacms paxemb! 9M330 
9§M330 missile’s fore section 


3. Kptinveaoii Gnox paxembi 9M330 
9M330 missile’s control surface unit 
4. 3opaxanue 3PK “Top” 
Loading Tor AD missile system 
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| _ Pakerb! AIA BOMCKOBbIX CMCTeEM nBO 


XapakTepucTHKM 3CHMTHBIX yNpaBAAeMbIX PakeT ANA BOUCKOBbIX cucTeM MBO 
Missiles for the Army Air Defense Systems (Basic Characteristics) 


3ona nopaxenns, km Maxcumansuan Macca paxeru, xr | Macca Goesoii vacu Paamep paxerti, M 
[ckopocts nopamaemont panerel, Kr ee 
Target engagement zone, km enn, Ko Overall dimensions, m 


fo AanbHocTH no sbicoTe Auametp pasmax Kpbinbes 
Max target speed, | Missile weight. kg | Warhead weight. kg (cra6unnsaropos) 
km/h 


Haseanne Designation 


range altitude diameter wing (fins) span 
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3eHMTHbIe pakeTbI ANA 
KopaGenbHbIx 3PK 


Missiles for the Naval 
Air Defense Systems 


ayano npoueccy ocHaweHua GoeBbix 
Kopa6nei 3eHUTHbIMM ynpaBnAeMbi- 
MM pakeTamn 6bino Nono»*KeHO B 50-e 
roAbl MuHysulero BeKa. Bbictpblii 
nporpecc asnaynn, nonBneHue ynpaBnae- 
MbIx pakeT M CaMOneTOB-CHapAagos Ha BO- 
opyxxeHMn Kopa6nel W CaMoneToB He OC- 
TaBNANM NpakTM4eCKH HUKAKUX WaHCOB Ha 
no6eay 8 MopcKom 6ol0 Kopa6nam, KoTO- 
pble OT HanageHMaA C BO3AYxa MON 3au\H- 
WaTbCA NMWb 3eHHTHOM apTunnepnel. No 
CyTH Aena HagBoAHbii cpnoT (HW He TONbKO 
copeTcKnit) 8 Te ropbl Gbin noctaBneH ne- 
peg Henpocttim Bbi6opom: nuG6o on byzeT B 
COCTOAHMM OTpakaTb aTakH CamOneTOB M 
paket, nu60 emy npegctour cofiTH co cye- 
HbI Kak CaMOCTOATeNbHON GoeBoi Cune. 
Pa6orbi no co3qaHMi0 3eHMTHbIX yn- 
pasnaembix paket na 3PK coserckux 6oe- 
BbIX Kopabnei Ha4Yanucb B CepeAuHe NATH- 
Aecatbix rogos. V nepsoii 8 3TOM pay 6ei- 
fa ycrakosnenvan 6B 1958 roy Ha Gopty 
kpeicepa YepHomopckoro qbnota “f\3ep- 
KMHCKMA” 3eHMTHAA pakeTHaA CMCTeMa 
M-2 “Bonxos-M” (SA-N-2 — no Knaccuipu- 
kaynn HATO), ucnonb3oBaBwiaa pakeTb 
cpeqHel ganbHoctm 13/\M. 3PK “Bon- 
xoB-M” 6bin KopaGenbHbim aHanorom KOM- 
nnexca C-75 soiick MBO. CneynanbHo ana 
“Bonxosa-M” 8 MKB “Maken” mogudnun- 
posann paxety 1f) sxoquewylo B cocTas 
C-75. Ee Kopabenbuan mogudukauna — 
AByxctyneHyatan paketa 13Q/M sHewHe 
BECbMa HE3HAYMTeMbHO OTNMYANACb OT Ha- 
3emMHoro BaphaHTa. Bhim H3MeHEHbI AMUb 
y3nbl nogseckn K CTapToBsoi Hanpasnaw- 
Wel M 3aMeHeH PAA KOHCTPYKUMOHHBIX Ma- 
Tepwanos C y4eTOmM 3KCnnyaTayMn pakeTb! 
Ha Kopa6nax. 


Nyckw 13M, Hayatbie oceHbi0 1958 ro- 
Aa c “23epkunckoro”, noka3anu npMHyn- 
MMaNbHy0 BO3MOXKHOCTb ee MCNONb30Ba- 
Hua B Ka4ecTBe KOpaGenbHoro opyxKMA. 
Ogxako npwuateid 8 Ha¥ane 1960-x rogoB 
Ha BoopyxxeHue dnora “Bonxos-M” no pa- 
AY NPM4HH He Nony4Hn WHpOKOFO pacnpo- 
cTpaHeHua. He snonke yzosneTsopunn 3a- 
Ka34nKos M pakeTel 13/\M — npexge scero 
Wi3-3a CBOMX pa3Mepos (OHM 3aHMManK 
MHOFO MeCTA, YTO 3HAYMTEMbHO CHMDKANO MX 
6o0e3anac Ha Kopa6ne), a TakwKe W3-3a Ha- 
nW4na Ha MX MapweBO CTyNeHH TOKCHY- 
HbIX M arpeCCHBHBIX KOMNOHEHTOB TONNKBa 
(pa6ota c HuMM OKa3anacb BeCbMa Cepbe3- 
How npo6nemoi ana mopakos). MW xota 
cBouv yenn “Bonxos-M” nopaxkan npumep- 
HO C TOM Ke IsPseKTHBHOCTHW, 4TO W ero 
Ha3zemHbIi Cobpat, BONpoc oO NonHomac- 
wra6HOM pa3mewjeHnu Ha KOpabnax 3PK 
CpeAveit aNbHOCTH OCTANCA OTKPLITBIM. 

NapannenbHo c pabotamn no M-2 B 
HWM-10 (HMM “Anstanp”), KoTopeii cran 
FONOBHbIM pa3paboTHMKOM KopabenbHbIx 
3PK, senncb pa6oTbi no co3qaHuio 3eHMTHOM 


he practice of equipping combatant 

ships with AD missiles dates back to 

the 1950s. The rapid development 

of aircraft along with the arming of 
ships and aircraft with missiles and flying 
bombs left almost no chance to win a 
naval battle for ships relying only on AD 
artillery to defend themselves from air 
attacks. As a matter of fact, at that time, 
the surface fleet - and not only in the 
Soviet Union alone — was facing a dilem- 
ma that was anything but simple: either 
it would be capable of repelling air 
attacks of aircraft and missiles, or it 
would cease to exist as an independent 
combat force. 

The work on creating missiles for the 
Soviet combatants’ AD systems began in 
the mid-1950s. The M-2 Volkhov-M AD 
missile system (NATO reporting name 
SA-N-2) became the first one to be 
installed on board the Dzerzhinsky Black 
Sea Fleet cruiser in 1958. The M-2 sys- 
tem employed the 13DM medium-range 
missiles. 


The Volkhov-M AD missile system was 
a shipborne analog of the S-75 system 
used by the AD Forces. The 1D missile, 
originally intended for the S-75 system, 
was specially modified at the Fakel 
Engineering Design Bureau to meet the 
requirements of the Volkhov-M. Its ship- 
borne modification - the two-stage 13DM 
missile — barely differed in its appearance 
from the ground-based version. The few 
things that were changed included the 
launcher hold-down lugs and a number of 
engineering materials that were replaced 
to tailor the missile to naval operations. 

The first launches of the 13DM that 
were made off the Dzerzhinsky in the 
autumn of 1958 demonstrated that in gen- 
eral, the missile could be used as a naval 
weapon, However, for a number of reasons, 
the Volkhov-M, which became operational 
with the Navy in the early 1960s, was never 
employed on a large scale. The 13DM mis- 
siles did not quite satisfy the customers 
either, mainly because of their size: these 
missiles took up much space, which con- 


Kpeiicep npoexma 63 c 3PK M-1 u M-3 (npoexm 1957 2.) 


Project 63 cruiser fitted with M-1 and M-3 AD missile systems (1957) 
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pakeTHoi cuctembt M-1 “BonHa” (SA-N-1). 
Paketb! 370M cuctembt ~ 4K90 Ginn yHu- 
cbMuNpoBaHbi C pakeTaMM 3eHUTHON paKeT- 
Hol cucTembl C-125 sock MBO crpanbi. 
[nabHoe OTAMYMe 3THX pakeT CocToANO B 
WCNONb3OBaHMM Ha MX Nepsow um BTOpoH 
CTyNeHAX TONbKO TBepAOTONAMBHbIX ABHra- 
tenei. Bnarogapa atomy 6tina 3HayuTenb- 
Ho ynpouweHa Hx 3KCnayaTayMA Ha Kopab- 
nax. Cpeqn Apyrx Hoswects, npHMeHeH- 
Hbix 8 4K90, MoxKHO Ha3BaTb packpbiBae- 
ble Nocne Capra pakets! ctabwnnzaropbi 
Ha ycKopuTene — 3a cueT 3TOro yMeHbula- 
‘Wcb raGapuTbl pakeTbi Np ee HaxoxKqe- 
HHH B GoeBOM oTceKe Kopa6na M Ha nycKO- 
Bon ycraHoBKe, 

B Hayane 60-x rogos 3ta 3eHMTHaA CH- 
crema 6bina ucnbiraHa Ha 3cMuHye “Bpa- 
sbi” 4 8 1962 roy npuHata Ha BOopyxe- 
nue Coperckoro BM®, 

Cnegyiouwum atanom ana “Makena” cra- 
na paspa6orka pakerbi 4K91 ana MogepHu- 
3MpoBaHkoro Bapahta 3PK “BonHa-M”. Ee 
OCHOBHbIM OTAM4MeM OT 4K90 cTano uc- 
NONbsOBaHHe 3Ha4UTeNbHO Gonee adceK- 
THBHBIX ABUFATENbHbIX YCTAHOBOK. ITO 3Ha- 
WTeNbHO yny4wMno ee xapakTepHcTHKH. 
BHewHe HoBaa paketa oTnuyanace oT cBo- 
eH NpeqwectBeHHHusi NMWb TeM, 4TO Ha yC- 
KopuTene nonBMance ABe TOpMo3sHbIe Nno- 
CKOCTH, KOTOpbIe NpeAHa3sHayanuch ANA 
YMeHbWeHHA pa3Mepos 30HbI ero nafeHna 
Nocne okoHYaHHA paGoTeI. Ha BOopyKeHHE 
kopa6nei BM® sta pakera 6tina npunata B 
cepequne 60-x rogos. 

B ceasu c Tem, Yo cucTema M-2 He no- 
ay4una WHpoKoro pacnpoctpaveuna, B 
KoHue 50-x rogos Hayannct paborbi no co- 
3QaHnlo HOBOrO KopabenbHoro 3PK cpeg- 


Hel AanbHocTw M-11 4 HoBOH pakeTE ana 
Hero. 31a paketa, npm coxpaHeHnu Bcex 
Goesbix Kayects 13M, 8 To xe Bpema 
AonkHa Gbina ctate ogvoctyneHyaroi, 
T8ePACTONAMBHO!, MMeT’ B NonTOpa-aABa 
pa3a MeHbwiMe Maccy m rabapmTEi. 

YcnewHoe peweHve 8 MKB “@axen” 
MOCTaBNeHHOM 3aQa4M CTaNO BO3MOXKHEIM 
3a CMeT peanu3aynn KOMNneKca MeponpH- 
ATH, B YMCNO KOTOpbIX BXOAMAM: BbIGOp 
PaynonanbHoro MeToga pagnoKomaHAHoro 
HaBeQeHHA pakeTb! Ha YeNb; BbIGOp ee a3- 
POAMHamuMyecKoi Cxembl; paspa6orKa ner- 
KO W NPOYHON KOHCTpyKuMM HM, ecTecTBeH- 
HO, CO3AaHHe MaKCMMaNbHO 3cekTuBHOK 
ABMraTenbHOl yCTaHOBKM C AByMA pexuMma- 
mu Tarn. MMeHHO Co3qaHue Takoro Asura- 
TeNA — C BbICOKMM MACCOBLIM COBepweHCT- 
BOM KOHCTPyKUMM, CHaPAKEHHOFO BbICOKO- 
apdektustbim TonnMBomM — M CTano oT- 
NpaBHOH TOYKOH, OCHOBOK ANA ycnewHoI 
pa3pa6orku 3Toi pakerbi. 

Nlerom 1964 roga Hayanncb ee neTHbIE 
WCNbITaHMA, 3aKOHYMBWKECA B 1967 ropy 
Ha Kopa6nax YepHomopckoro ¢nora. Mep- 
BbIM KOpaGnem, OCHau\eHHbIM HOBO; CHCTe- 
Moi, cran 8 1967 ropy npotuBonogouHbiii 
Kpeficep “Mocksa”. 

Pakerbi, co3gaHubie ana M-11 (SA-N-3), 
nonyywswne oGo3HayeHne 4K60, cnocob- 
Hble NepexBatbisatb BbICOKOCKOpOCTHBIE 
Yenn B WHPOKOM chekTpe BbICOT, 6binn 
pa3sepHytbi Ha GonbwHx npoTHsonogoy- 
Hbix KOpa6sAx MW Ha TAKeNbIX aBMaHECYLAMX 
Kpeiicepax. Mo cpasHeHmw c cuctemoii M-1, 
Hopaa OGnagana pagom ocobenxocteii, 
CBAIAHHbIX C Ny4Wel CNOCOBHOCTbIO Nopa- 
\KaTb HM3KONETAWME MaHeBpMpyoune Ye- 
AM B YCNOBMAX NpMMeHEHHA cpegcTs 


siderably reduced the ammunition reserve 
that a single ship could carry. Also, the 
sustainer stage of the 13DM contained 
toxic and deleterious propellants, which 
turned handling them into a rather serious 
problem for the seamen. And although the 
target kill effectiveness of the Volkhov-M 
was approximately the same as of its 
ground-based prototype, the issue of the 
full-scale deployment of medium-range 
AD systems on ships remained open. 

Simultaneously with the work on the 
M-2 system, the Research Institute #10 
(currently, the Altair Research Institute), 
which became the leading designer of the 
naval AD systems, continued working on 
the M-1 Volna AD missile system (SA-N-1). 
The 4K90 missiles employed in this system 
were unified with the ones of the S-125 AD 
missile system in service with the national 
AD Forces. These two missiles featured 
only solid-propellant engines in both first 
and second stages. This allowed simplify- 
ing their operation on ships. Among other 
improvements used in the 4K90, we may 
mention the booster fins unfolding after 
launch, which allowed minimizing the 
dimensions of the missile when inside the 
ammunition compartment of a ship and on 
a launcher. 

In the early 1960s, this AD system 
was tested on the destroyer Bravy and in 
1962 was adopted for service with the 
Soviet Navy. 

Elaboration of the 4K91 missile for the 
upgraded Volna-M AD missile system 
became the next task for Fakel. The 4K91 
differed from the 4K90 mainly in the 
employment of much more efficient 


engines that considerably improved the 
missile’s performance. The only difference 
in the new missile’s appearance compared 
to its predecessor was the emergence of 
two braking surfaces on the booster for 
reducing the size of its post-operation 
impact zone. The missile was adopted for 
service with the Navy in the mid-1960s. 

Since the M-2 system was never used 
ona large scale, the elaboration of the new 
M-11 medium-range shipborne AD missile 
system and a new missile for it began in 
the late 1950s, The new missile was sup- 
posed to retain all combat characteristics 
of the 13DM, at the same time being single- 
staged, liquid-propellant and about two 
times lighter and smaller in size. 

Fakel managed to successfully solve 
the task only due to carrying out a number 
of measures that included: choosing an 
efficient method of guiding a missile to a 
target via radio commands; choosing the 
missile’s aerodynamic scheme; designing 
a light yet sturdy airframe; and, naturally, 
elaborating the most efficient engine. It 
was the weight perfection of the engine 
running on high-performance fuel that 
became the starting point and a keystone 
of the successful work on the missile, 

In the summer of 1964, the missile’s 
flight tests began, which ended in 1967 on 
board the Black Sea Fleet ships. The ASW 
cruiser Moskva became the first ship 
equipped with the new system in 1967. 

The missiles developed for the M-11 
(SA-N-3) were designated 4K60; they 
were capable of intercepting high-speed 
targets within a wide range of altitudes 
and were installed on the large ASW 
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PaqvoanektpoHHoro npotmsogelictana. B 
TeyeHne nocnenywunx 15-20 net cuctema 
M-11 c paketamu 4K60 Bxoquna 8 4ucnoO 
Cambix 3spekTMBHbIX KOpaGenbHbIx pakeT- 
HbIx CpeAcTB. 

Manora6aputHaa 3eHMTHaA pakeTHaA 
cuctema “Oca-M” (SA-N-4), BBegeHHan B 
cTpoi 8 1971 rogy, — KopabenbHbii Bapu- 
aHT CaMoxog_Hon cuctemp! “Oca” Cyxonyt- 
HbIx BOCK. Ux pakeTbl MaKCHManbHO yHU- 
cyunposane!. flake pa3pabarbisanuch 
OHM No eAMHOMy 3aqaHMio, B KOTOPOM co- 
oTBeTcTBylouMM 06pa30m Gina oTpaxKeHa 
KopabenbHan cneynduKa Gyayuwjero uc- 
nonb3oBaHna. 

Co3zqaHue 9M33 notpe6osano npose- 
AHA WHpoKOro Kpyra MccnegoBaHnii, no- 
CKONbKY, KaK OKA3aNOCb, HeOonbune pa3- 
Mepbi pakeTbi BOBCe He fapaHTMpoBann Co- 
OTBeTCTByIOWerO CHMKEHMA TPyAO3ZaTpaT. 
Ckopee Hao6opor. B npoyecce atux pabot 
Ha “Makene” 6bin npoaHann3upoBaH Bech 
MMeBUMICA K TOMY BPeMeHH ONbIT OTe4eCT- 
BeHHOFO KH 3apy6exHoro PakeTOCTpOeHHA B 
yacTu, KacaBwelica paspaboTkn pakeT no- 
Ao6xHoro Knacca. Bbinw cenanbi B KB u co- 
OTBETCTBYIOWME BbIBOALI, NOIBONMBWHE B 
o4epeAHoW paz AobuTbcA BbICOKOFO pe- 
3ynetata. 9M33 oTnM4aeTCA OT pakeT-aHa- 
Nloros, npexge Bcero, cBOGOAHO Bpaujaw- 
WMMCA Kpbinbesbim GnoKom. MpumeHeHne 
Takoro 6N0Ka NOMOFNO 3aMeTHO pacuMpHTd 
BO3MOKHOCTH HCNONbIOBAHHON ANA paKe- 
Tbl aIpOAMHAMMYeCKON CxeMbI “yTKa”, NO- 
CKONbKY OH CHH3MN HeraTMBHOe BNMAHKME 
Ha nonet pakeTbi BO3HMKAIOWMX NapasMT- 
HbIX AIPOAMHAMMYECKHX MOMEHTOB HM CHUN. 
Pe3ynbtatom ero npwmMeHeHMA CTano UW 
yMeHbWeHMe MaCCbI CHCTEMbI yYNpaBheHHA 


Paxembi 4K60 na nycKoaod ycmanosKe 
4K60 missiles on the launcher 


PakeTbi, CoxpaHnBswe npn 3TOM addpex- 

TMBHOCT CBOeN paboTEi. 
MpwsnekatenbHo ocobeHHOCTbWO CuC- 

tempi “Oca-M” cranw ape cTaptosbie Ha- 


ships and heavy aircraft-carrying cruis- 
ers. Compared to the M-1 system, the 
new weapon system featured character- 
istics providing an improved ability to 
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engage low-flying evading targets in the 
ECM environment. Within the next 15-20 
years, the M-11 system fitted with the 
4K60 missiles ranked among the most 
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NpasnawouMe nyckoBoh ycTaHOBKH, KOTO- 
pbie y6upatorca nog nany6y Bo Bpema pBH- 
KEHUA Kopa6na, KOFAa OH HaXOQUTCA BHE 
6oe8oi o6ctaHosKu. Bnarogapa coum Bbi- 
COKMM xapakTepucTMKam HM yAoOcTBy B 3KC- 
nayaraymu, “Oca-M" — onHa 3 Han6onee 
MaCCOBbIX KopabenbHbix 3EHUTHbIX CACTEM, 

K KoHuy 60-x ronos co sce ovesng- 
HOCTbIO O603Ha4YMNOC Ka4eCTBeEHHOe H3- 
MeHeHMe paccTaHoBkM Cun Ha MOpe, CBA- 
3aHHoe, npexkge Bcero, C NOABNeHMEM HO- 
BbIX, ewe Gonee acpexTuBHbIx BUAOB pa- 
KeTHOFO OpyKUA, C WHPOKMM OCHaWeHHeM 
3THM OpyKMeM CaMONeTOB, HafBOAHBIX KO- 
pa6ned wu nogBogHbix nogok. BeicoKaa 
CBEPX3BYKOBaA CKOPOCTb MW MMAHMMaNbHbIe 
BbICOTbI NONeTa, MAHEBPEHHOCTb, Manan pa- 
AMONOKAWMOHHAA 3aMeTHOCTb, yeenn4eH- 
Hoe nopakaiujee AeiicTene, BO3MOKHOCTE 
MaccuposaHHoro npHmMeHeHma mM OpraHH3a- 
WMH aTaK C pa3NM4HbIX HanpaBneHnii — BOT 
Aaneko He NonHbIi MepeYeHb OcobeHHOC- 
Tei HOBOFO NOKONeHMA OpyKHA BOSAYWHO- 
ro HanageHma. EctectBeHHo, YTo ero noaB- 
JeHHe MEHANO He TONbKO XapakTep bopbbbi 
Ha Mope, HO H ee macwTaObl. 

K pa6oram no co3qaHnio 3eHUTHbIX pa- 
KeT HOBOTO NOKONeHMA, CNOCOGHIX adpPek- 
TMBHO NPOTMBOCTOATb CaMbIM WHTCHCMBHbIM 
BO3AyWHbIM aTakam, 8 MKB “®aKen” npucty- 
Nunn ewe B CepeAnne WecTHAeCATIX rofoB. 
Nepsoi 8 3TOm pray Crana 3eHuTHaA pakeTa 
cpegveli AanbHoctn 5B55PM ana Kopabenb- 
Horo 3PK C-300® “Puc”. ItTum KomnneKcom 
AOMKHbI 6b OCHaWaTECA GoeBbIe KOpabnn 
BOAOM3MeL\eHHeM CBbIWe 5000 TOHH. 

Npo6nembi, Bctaswue np co3qaHun 
5B55PM, cyujecrBeHHO OTMMYanMCcb OT BCeX 
Tex, C KOTOPbIMM NpexKge NPUxoAMNOCe CTan- 


KuBaTbca Cneunanuctam “®akena”. Hosbiit 
KOMNNeKC ZomKeH G6bin GbiTh MHOroKaHanb- 
HbIM, O6ecne4unBaTb aspekTHBHyio KpyroByio 
o6opory coeqnHeHHi Kopabneit 4 O6nagaTb 
BbICOKOH CKOpocTpenbHocTbio. He umen aka- 
noros M cnoco6 pasmeweHua ero paket M Mx 
3anycka — 43 nognany6Hbix nycKoBbIx ycTa- 
HoBoK-6apa6aHos. CooTseTcTBeHHO, OT HO- 
Oi pakeTbI NoTPeGoBANNce He TONBKO BbICO- 
KWe TaKTHKO-TexHM4ecKHe xapakTepHc- 
TUKM, HO M BbICOKaA CepHAHOCNOCOOHOCTE, 


Myce 3YP 9M33 
Launch of 9M33 missile 


efficient shipborne missile systems. 

The small-size Osa-M (SA-N-4) AD mi: 
sile system, adopted for service in 1971, is 
a shipborne version of a self-propelled Osa 
system used by the ground forces. The 
missiles used by Osa and Osa-M have been 
unified to the maximum extent. They were 
originally designed within the framework 
of the unified request for proposal that 
adequately reflected the naval specifics of 
their future employment. 


The creation of the 9M33 missile 
required carrying out extensive research, 
since it had turned out that the small 
dimensions of the missile by no means 
guaranteed the corresponding reduction 
in labor costs. It happened to be just the 
contrary. When creating these missiles, 
the Fakel engineers analyzed all available 
domestic and foreign experience in the 
field of designing this type of missiles. 
The Fakel specialists drew appropriate con- 
clusions that allowed them to once again 
attain good results. 

The 9M33 differs from similar missiles 
primarily by its freely rotating wing unit. 
Employment of this unit allowed the spe- 
cialists to considerably expand the capac- 
ity of the canard aerodynamic scheme 
used in the missile. The wing unit has 
reduced the negative impact of stray 
forces and torques on the missile flight 
performance. It resulted in weight reduc- 
tion of the missile control system, while 
the overall efficiency of the latter 
remained unaltered. 

The Osa-M system features two 
launcher guides that are retracted under 
the deck when the ship is on the move 
being out of combat. The system’s perfect 
performance and easy handling have made 
Osa-M one of the most mass-produced 
shipborne AD systems. 

By the late 1960s, the qualitative 
change in the alignment of forces at sea 
became apparent. This change resulted, 
first and foremost, from the emergence of 
new, even more efficient types of missile 
weaponry, with aircraft, surface ships and 
submarines being extensively armed with 


a 3eHMTHbIe pakeTbI ANA KOpabenbHbIx 3PK 


Missiles for the Naval Air Defense Systems BEE 


MaKCHManbHan HafeKHOCTb M NpocToTa B 
akcnnyaraynn. 

B ochosy paspa6orkn 5B55PM, nocty- 
Nuswei Ha BOOpyxeHue KOpabnei BMO B 
Ha4ane 80-x rogos, 6bino nonoKeHO wWH- 
Pokoe vcnonb30BaHMe NpHHyMNnanbHO 
HOBbIX KOHCTPYKTOPCKHX peweHHii, MaTe- 
Panos 4 nepegosbix TexHonornit, npume- 
HeHMe MHTerpanbHbIx CXeM MW 3NeKTPOHHOM 
4ndposor TexHukn HOBOrO NoKONeHMA. 
cneynanuctet “Maxena” co3panu, 6e3 co- 
MHeHMA, BbifaioWyiocA pakeTy. B Heli Ha- 
wan oTpaxkeHve Cambie nepeqosbie TexHu- 
4eckne QOCTMKeHMA B AaHHOM OGnacTH, 
6bin npegBocxnujeHb! npakTH4ecKH Bce 
OCHOBHbIe HanpasneHHA, NO KOTOpbIM no- 
wna B Nocneayioume ecaTHneTHA pa3pa- 
Gorka HOBbIX 3eHMTHbIX pakeT B Mupe. He- 
OTbEMMEMOM YaCTbIO 3eHMTHOM paKeTbI 
can repMeTH4Hblii TpaHcnoptHo-nycko- 
BOM KOHTeMHep (TIK), 8 KoTOpoM Ona Ha- 
XOAMTCA BCe BpemA CBOeK CnyK6bI. V3 He- 
FO Ke OHA CTapTyeT C NOMOU|bIO KaTanynb- 
TMpyiowero ycrpoiicrea. 3To cBeno K MH- 
Humymy KONMYeCTBO M NpoAONKMTeNb- 
HOCTb NpeAcTaptosbix onepaynii u, CooT- 
BeTCTBeHHO, OGecne4ynMnO BbICOKM TeMn 
ctpenb6bl. 3anyck Mapwesoro qsuratena 
Paketbi npw Takom cTapTe npow3Bog_uTcA 
focne ee noqbema Ha sbicoTy oKONO 
20 metpos Hag nany6ou Kopabna. Bce 370 
NO3BONMNO 3HAYMTENBHO NOBbICMTb CKOPO- 
CrpenbHocts KOMnneKca (nocKOnbKy Bce 
PakeTbl HaxOAATCA HenocpepcTBeHHO Ha 
fyckosoi ycraHoBKe  roToBbI K HeMeg- 
A@HHOMY NyCKy); fan BO3MOKHOCTb 
o6ecneuntb adpspextuBHyWo KpyroBylo 060- 
POHy OT CaMoneToB M pakeT, neTAWHXx C 
mo6bix HanpaBneHHii, payMoHanbHbim 06- 


Myc 3PK 5B55PM 
Launch of 5V55RM missile 


Pa30M MCnONb30BaTb KECTKO OrpaHHyeH- 
Hbie O6bembi Goesoro Kopa6na (u CooTBeT- 
CTBEHHO, YBENMYMTb pacnonaraembli Ha 
Hem 6oekomnnekT); yMeHbWHNO “30HbI 3a- 
npera” npw nyckax paket, Tak Kak npM Ha- 
KNOHHOM CTapTe Mx noneT AOMKeH NpOxo- 
AMTb, MMHyA KOpabenbHbIe HaACTpOHKH. 
Beicokan TOYHOCTe NonagaHuA B Yenb 
B WAPOKOM Avana3OHe BbICOT M AaNbHOC- 
Tei noneta AocturHyta 3a c¥eT HCnONb30- 
BaHWA HOBOFO MeTOAa HaBeMeHMA PaKeTbl 
Ha Wen’, Npeactasnaiowero coboi opra- 
HM4HOe COYeTaHKe TpagAMuMOHHOro pa_no- 
KoMaHaHoro meToga (Mcnonb3oBaBwerocA 


these weapon systems. High supersonic 
speed and lowest possible flight levels, 
high maneuver capability, low detectabil- 
ity, enhanced kill capacity, suitability for 
delivering massive strikes and attacks 
from different directions - this the far 
from complete list of characteristics of 
the new generation of air attack weapons. 
Naturally, their advent altered not only 
the nature of the naval warfare, but also 
its scale. 

As far back as in the mid-1960s, the 
Fakel Engineering Design Bureau began 
developing the new-generation AD missiles 
capable of efficiently repelling the most 
intensive air attacks. The first one in this 
series was the 5V55RM medium-range mis- 


-sile intended for the shipborne Rif 


S-300F AD missile system. This system was 
supposed to be installed on the combatants 
with a displacement of over 5,000 tons. 

The problems that arose during the 
elaboration of the 5V55RM fundamentally 
differed from all those that the Fakel spe- 
cialists had encountered earlier. The new 
missile system had to be multichannel, 
provide effective all-round defense of the 
naval forces and possess a high rate of 
fire. The system location and the method 
of missile launch from the under-deck 
drum-type launchers had no analogs 
either. Therefore, the new missile was 
expected to possess not only high per- 
formance characteristics, but also be high- 
ly suitable for mass production, reliable 
and easy to operate. 

The development of the 5V55RM that 
was adopted for service with the naval 
ships in the early 1980s was based on an 


extensive use of fundamentally new 
design concepts, materials and advanced 
know-how, as well as the use of new- 
generation integrated circuits and digital 
equipment. 

No doubt, the Fakel specialists creat- 
ed an outstanding missile. It incorporat- 
ed the state-of-the-art technical achieve- 
ments in the given field and anticipated 
virtually all major world trends in the AD 
missile engineering for decades to come. 
A sealed transporting-launching contain- 
er in which the missile is kept during the 
entire service life, has become an integral 
part of the AD missile. The missile is 
launched from this container with the aid 
of a catapult. It has resulted in minimiz- 
ing the number and duration of the pre- 
launch operations and, as a result, 
ensured a high firing rate. Such launch 
allows starting the sustainer engine when 
the missile rises to about 20 m above the 
ship’s deck. All this has made it possible 
to considerably increase the system’s fir- 
ing rate, since all missiles are kept direct- 
ly on the launcher and are ready for 
immediate launching. It has also made it 
possible to provide effective all-round 
defense against aircraft and missiles 
approaching from any direction, as well as 
to rationally use the limited space on 
board a combatant and, consequently, 
increase the number of missiles carried by 
the ship. Finally, it has reduced the “no- 
launch” zone, since when missiles are 
launched at an angle, their flight trajecto- 
ry should avoid the ship’s topside. 

The high target hit probability within 
a wide range of flight altitudes and 
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Ana BCex NpeAbigyunx KopaGenbHbIx pakeT 
“®akena”) c nonyakTHBHbIM paqMonoKaun- 
OHHbIM CaMOHaBepeHHeM. 

B 90-e roi wHpoKyio M3BeCTHOCTb 
Nony¥vna 3eHUTHaA pakeTa Manoii AanbHO- 
ctw 9M330, Takxke paspa6oranHan Ha “Oa- 
kene”. OHa ucnonb3yeTca 8 COCTaBe KOM- 
naekca “KnmHoK", npeqHasHayeHHoro Ann 
camoo6opoub! Goesbix Kopabneh paznu4- 
HbIX KNACCOB BOAOM3MeWeHHEM cBbIWe 
800 ToHH. Kak w “Pu”, atoT KomnneKc 
TakoKe OTHOCHTCA K HUCIY MHOFOKaHAaNbHbIX 
= eFo pakeTbl MoryT OMHOBpeMeHHO nopa- 
KaTb AO YeTbIpex Yeneit. 

Paketa 9M330 Komnnexca “KawHoK”, 
Kak # ee NpeqwecTBeHHHya, BbINONHeHA NO 
a3PpOAMHAaMMYecKOli Cxeme “yTKa”, OHA TaK- 
Ke MCNONb3yeT CBOGOAHO BpaujaioUyMiicA 
Kpbinbesow 6nok. Ee KpbinbA BbiNnONHeHbI 
CKNaQHbIMM, 4TO faNO BO3MOKHOCTb pa3- 
mectuTb 9M330 8 TIIK KeaqpatHoro ceye- 
Hua, pa3Mepbl KOTOPOrO NM’ HeHaMHOrO 
NpesbiwaloT pasmepb! Camoi pakerbl. Crapt 
9M330, Kak w 5B55PM, ocywectenaetca 
BepTMKaNbHO W3 No”nany6How nycKoBoi 
ycraHoBkw GapaGanHoro Tuna C NOMOL\bIO 
KaTanynbTbl, a 3anyck ABHraTena pakeTbl 
NpoucxoquT Ha Ge3onacHoi BbicoTe Hap 
Kopa6nem. Nogo6Heli sug crapta cran 
cBoero pofa (upMeHHbIM 3HaKOM pakeT 
MKB “®axken”. Ho B pakete 9M330 oH go- 
NonveH He WMeloWed aHanoros raz0qMHa- 
muyeckow CMcTeMoi CKNOHeHMA, C No- 
MOU\bIO KOTOPO MeHee 4eM 3a OAHY CeKyH- 
Ay, 8 Npoyecce noqvema Ha BbICOTy 3anyc- 
ka Mapwesoro ABuratena, paketa pasopa- 
4MBaeTCA B CTOPOHy Yenu. 

B Hactonwee spema paketa 9M330 Ha- 
XOAMTCA Ha BOOPyKeHHN TAXKENbIX aBMaHE- 


cyuwx Kpelicepos, aTOMHbIX pakeTHbIx 
Kpeiicepos m Apyrux Kopabneii. 

Tlocneguum no spemenn KopabenbHbim 
opyxkvem, Co3qaHHbim Ha “Oakene”, cranu 
PakeTbl ANA MHOrOKaHaNbHOrO 3eHMTHOFO 
pakerHoro Komnnekca “Pud-M”. 3toT KoM- 
nnekc npeqvazHa4ex Ana O6opoHbi opgepa 
Kopa6ne oT MaccupoBaHHbix aTak pasnn4- 
HbIX CpeACTB BO3AyWHOFO HanageHMA: Ca- 
MONeTOB, ABHAYMOHHEIX KPbINATBIX pakeT, 
npotMBoKopabenbHbix KpbiNaTLIX paKeT, B 
TOM 4MCne COBepwiaiou\Mx MaHeBp HM NeTA- 
UMx Ha NPeAeNbHO MaNbIX BbICOTAX. 

B otnuyme oT co3qaHHoro paHee 
3PK “Puc”, Komnnexc “Pud-M” cnocobex 
OfHOBpemeHHO O6cTpennsarb fo 6-TH Yeneii, 
HaXOMAU\MXCA Ha paccTOAHMM Oo 120 KM, H 
ycnewHo 6oporeca c npoTMBokopabenbibi- 
MM paketamM Ha BbICoTax 40 10 meTpos. 
3eHuTHaa ynpasnaeman paKeta 48H6 8 co- 
cTase 3Toro KOMNneKca TakKe HCNONb3yeT 
npwHyun “xonogkoro” sepTMkanbHoro 
Tapa, MMeeT yny4weHHyWO ABMraTeNnbHYyW 
yCTaHoBky H yBENH4eHHyWO OCKONO4HO-y- 
Frachyio 6oesylo 4acTb. 

Pakerbi HoBoro noKoneHHA, paspabo- 
TaHHble Ha “MaKene”, poAHUT He TONbKO 
BbICOKHA YPOBEHb AOCTMTHYTbIX XapakTe- 
PMCTHK MW BO3MOKHOCT NPHMEHEHHA B 
pa3nw4Hbix pogax Bolick. Bnepssie 8 Mu- 
posoli npaktuke Ha BOOpyxKeHHe GoesbIx 
Kopa6nei noctynunn pakersl, o6napaw- 
Whe BO3MOKHOCTBIO MX ANMTeNbHOM (20 
10 u 6onee net) 6ecnposepoyHon aKcnay- 
arayun, B TeveHme Bcero 3Toro CpoKa pa- 
KeTbI, HAXOAACb B CAMbIX CyPOBbIX KNMMa- 
TMYECKMX YCNOBHAX, 8 MHOTOMECAYHBIX 
OkeaHCKHX noxopax, He Tpe6yoT HHKaKOrO 
o6cnykusaHna. 


distances has been achieved due to the 
employment of a new method of guiding 
the missile to a target — an organic combi- 
nation of the traditional radio-command 
guidance (used in all previous shipborne 
missiles manufactured by Fakel) with 
semiactive radar homing. 

In the 1990s, the 9M330 short-range 
AD missile (also designed by Fakel) 
became widely known. It is used in the 
Klinok weapon system intended for provid- 
ing self-defense of various types of com- 
batants with a displacement exceeding 
800 tons. Similar to Rif, the Klinok is also 
a multichannel system: its missiles are 
capable of simultaneously engaging up to 
4 targets. 

Just like its predecessor, the 9M330 
missile used in the Klinok system has a 
canard configuration and a freely rotating 
wing unit. It has folding wings, which has 
enabled the specialists to place the 
9M330 in a square-section transporting- 
launching container with dimensions only 
slightly bigger than the actual missile. 
Just like the 5V55RM, the 9M330 missile is 
catapulted vertically from an under-deck 
drum-type launcher, with its engine start- 
ing at a safe altitude above the ship's 
deck. This kind of launching technique has 
become a kind of a trademark for Fakel’s 
missiles. But in the 9M330 it has been 
complemented with a unique gas dynamic 
control system, which turns the missile in 
the direction of the target in less than a 
second, while the missile is moving up to 
an altitude where the sustainer is started. 

The 9M330 missile is currently in serv- 
ice with heavy aircraft-carrying cruisers, 


nuclear-powered missile cruisers and 
other types of ships. 

Missiles for the Rif-M multichannel 
AD missile system have become the latest 
shipborne weapon developed by Fakel. 
The system is intended for defending an 
order of ships against massive attacks of 
various air attack weapons, i.e. aircraft, 
air-borne cruise missiles, antiship cruise 
missiles, including the ones maneuvering 
and flying at extremely low altitudes. 

Unlike the earlier-created Rif AD mis- 
sile system, the Rif-M system is capable of 
simultaneously engaging up to 6 targets 
located at a distance of up to 120 km, as 
well as to successfully fight against anti- 
ship missiles flying at altitudes lower than 
10 m above the sea level. The 48N6 missile 
used in this system also employs the prin- 
ciple of a cold vertical start being fitted 
with an upgraded engine and a larger frag- 
mentation warhead. 

All Fakel-developed missiles of the 
new generation feature not only good 
performance characteristics and the pos- 
sibility of employment in different armed 
services. For the first time in the world, 
the combatant ships have been armed 
with missiles that can remain in service 
without maintenance for a long time 
(10 years and more). Within all this peri- 
od, the missiles require no maintenance 
even in the most severe climatic condi- 
tions, including the months-long ocean 
cruises. 
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3PK M-1. 3enutHaa ynpaBnaeman paketa 4K90 


M-1 AD missile system. 4K90 guided missile 


eHMTHaA ynpaBnreman paketa manoii 
AanbHoctw 4K90 npeqva3Hayexa ana 
NopaxkeHuA pasnn4bix cpeActs B03- 
AywHoro HanapeHua: camonetos 
CTparerm4eckou, TakTM4ecKOH M MOpcKOA 
aBnaynu, a TakKe pakeT — 8 WHPOKOM Ana- 
na3oHe ycnosnii wx Goesoro npnmeHeHua. 
4K90 npegctasnaet co6oi psyxcty- 
neH4atylo pakery, BbINONHEHHyIO No a3po- 
AMHamMyeckoh cxeme “ytKa”, Crapt pake- 
Tbl — HaKNOHHbI, C NyCKOBOM ycTaHoBKH, 
HaBOAMMOH No yrny HW a3MMyTy Mecta. Yn- 
PasneHne noneTom W HaBegeHne Ha Yenb 
OCyWeCTBAAIOTCA NO pagnoKoMaH~aM, KO- 
Topbie noctynaWwT OT KopabenbHO cTaH- 
4\uw = HaBefeHna. flogpbis 6boeson 


wacTH ocywectenaetca np nognete 
kK yen no KoMaHge pagnosspEiBaTena. 

Nepsas cryneHb 4K90 — teepgoron- 
AMBHBIM YCKOpHTeNb C yCTaHOBNeHHbIMK 
Ha HeM packpbiBaembIMM Nocne CTapTa 4e- 
TbIpbMA CTabHAM3aTOpamu. Mapwesan 
CTyNeHb pakeTbi TakKe OCHaleHa TeepgO- 
TONAMBHOM ABHraTenbHOM ycTaHoBKON. 
KoxcrpykTwBHo Mapwesaa cryneHb 4K90 
COCTOMT M3 PAAa OTCeKOB, B KOTOPbIX pac- 
NonoxKeHbI: pagnos3spbisatenb, arperarb 
ynpasneHun pynamn pakerei, OcKONOYHO- 
yrachan 6oesaa Yactb, GnoK GopTosoi 
annapatypbi, TeepgoTonAMBHbi pakeT- 
Hol ABUraTeNb, NPMeEMHUKH KOMAHA yn- 
Papnenna. 


he 4K90 short-range AD missile is 
intended to engage various air 
attack weapons such as strategic, 
tactical and naval aircraft and mis- 
siles, in a wide range of their combat use. 
The 4K90 is a two-stage missile 
employing a canard aerodynamic configu- 
ration. The missile is fired at an angle from 
a launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from a 
shipboard guidance radar. The warhead is 
initiated by commands from a radar fuze in 
the proximity to the target. 
The first stage of the 4K90 is a solid- 
propellant booster with four stabilizing 


fins unfolded after launch. The sustainer 
stage of the missile is also fitted with a 
solid-propellant engine. 

Structurally, the 4K90 sustainer stage 
comprises a number of sections housing a 
radar fuze, control surface actuators, a HE 
fragmentation warhead, an onboard equip- 
ment unit, a solid-propellant engine, and 
control command receivers, 
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1. Paxemsi 4K90 
4K90 missiles 


2. Paxema 4K90 neped nepavin nyckom, 
anpens 1958 
4K90 missile before its first launch, 
April 1958 
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3PK M-1. 3eHuTHaa ynpaBnaemaa paketa 4K91 


M-1 AD missile system. 4K91 guided missile 


ny6okan MOpepHH3aynA pakerbi 

4K90. OcHosHbiImH HanpasneHMaMu 

MopepHH3aynM cTanw: Mcnonb30Ba- 

Hue 6onee acptektusHoro Mapwesoro 
Asuratena, 6oesoro CHapAKeHHA M pAga 
anemeHTos 6oproso annapatypbl. Beinon- 
HeHWe MOgepHN3auMK No3BoNKNO yeenu- 
4WTb 30H NOpaxkeHHA BO3AYWHDIX Yener 
NO faNbHOCTH HM BbICOTe, 3cekTHBHOCTe 
NopaxkeHHA BbICOKOCKOPOCTHBIX Yenei. 

4K91 npegctasnaet coboH psyxcty- 
nenyarylo pakery, BbINONHEHHy!O NO a3po- 
AMHammyecKon cxeme “yTKa”. 

Crapt paketbi — HaKnOHHblii, C nycko- 
BOM yCTaHOBKH, HaBOAMMON No yrny H a3M- 
myty mecta. YnpasneHne nonetom w HaBe- 
ete Ha Yenb OCyWyeECTBNAOTCA No paqno- 
KoMaHaam, KoTOpble noctynaloT oT Kopa- 
6enbHon craHumn HaBefeHna. Nogpbis 60- 
esol YacTH OcyulecTBAAeTCA Np NopneTe 
K yenu no KomaHge pagnosspbiBatena. 


Nepsaa ctyneHb 4K91 — teepgoron- 
AMBHbIM YCKOpHTenb C YCTAHOBNEHHEIMM Ha 
HeM packpbiBaembimn nocne cTapta 4e- 
TeIpbMA CTabMAW3aTOpaMH M AByMA TOP- 
MO3HbIMM NOBEPXHOCTAMM, KOTOpbIe Cny- 
aT ANA YMEHbWeHMA AaNbHOCTM NoneTa 
yckopuTena nocne ero oTaeneHua. Mapwe- 
Baa CTYNeHb pakeTbl Take OCHaleHa 
TBEPAOTONAMBHON ABMraTenbHOH ycTaHoB- 
Koi, KoHCTpykTHBHO MapwesaA CTyneHb 
4K91 coctout m3 paga OTCeKOB, B KOTOpLIX 
PacnonoxeHbi: pagnos3pbiBatenb, arpera- 
Tol yNpaBneHMA pynAamH pakeTbI, OCKONOY- 
Ho-dyracHan 6oesaa Yactb, 6n0K Gopto- 
BoM annapatyps, TeepgoTonanBHBIi pa- 
KeTHbIM ABMraTenb, NPMEMHUKH KOMaHA, 
ynpasnexna. 


he 4K91 is a radically modernized 

version of the 4K90 missile. It fea- 

tures an upgraded sustainer, arma- 

ment and some units of onboard 
electronic equipment. The modernization 
allows increasing the kill zone of air tar- 
gets in range and altitude, and speed of 
the targets to be engaged. 

The 4K91 is a two-stage missile 
employing a canard aerodynamic configu- 
ration. 

The missile is fired at an angle from a 
launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from a 
shipboard guidance radar. The warhead is 
initiated by commands from a radar fuze in 
the proximity to the target. 

The first stage of the 4K91 is a solid- 
propellant booster with four stabilizing 
fins unfolded after launch and two braking 


surfaces mounted on the booster. The 
braking surfaces serve to reduce the 
booster’s flight range after its separation 
from the missile. The sustainer stage of 
the missile is also fitted with a solid- 
propellant engine. 

Structurally, the 4K91 sustainer stage 
comprises a number of sections housing a 
radar fuze, control surface actuators, a HE 
fragmentation warhead, an onboard equip- 
ment unit, a solid-propellant engine, and 
control command receivers. 
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. Myck paxemsi 4K91 


Launch of 4K91 missile 


. Aspodunamuyeckue pynu 


Aerodynamic control surfaces 


|. Topmozneie nosepxnocmu Ha cmapmosom ycxopumene 


Braking surfaces fixed on the booster 


- Conno cmapmoaazo yckopumena 


Booster nozzle 


. Paxema 4K91 6 myzee MKB “®axen” 


4K91 missile in Fakel’s Museum 
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3PK M-2. 3enuTHaA ynpaBnnemaa paketa 13J)M 


M-2 AD missile system. 13DM guided missile 


a6orbi no nepsomy oreYectBeHHOMy 

Kopa6enbHomy 3PK M-2 6binM HayaTbI 

8 COOTBeTCTBMM C peweHHeM pyKo- 

BOACTBa CTpaHbi OT 13 aBrycta 1955 
roga. 3PK M-2 npequa3Hayanca gna MBO 
kKopa6na, Ana 3au\MTbI OT aTakyioWMx CaMo- 
NeToB M ynpaBnsembix paket. B Ka4ecTse 
OrHesoro Cpeqctsa nopakeHmn KoMnneKca 
M-2 pomkHa 6bina ucnonb30BaTbCA 3eHUT- 
Han ynpasnaemaa pakerta 13M, co3qaHne 
KoTopod nopyywnan MKB “@axen”. flanb- 
HOCTb AecTBMA nepsoi oTeYecTBeHHOH 
Kopa6benbHow 3YP gomkHa 6bina coctas- 
AAT 29 KM, BbICOTa NepexBata BO3AYWHbIX 
uenei — or 3 qo 22 Km. 

Hosan paketa npeactasnana coboh 
AopaGoraHHyo ANA NpMMeHeHHA B KOpa- 
Genbubix ycnosiAx AByxcTyneHYaTyWO pa- 
Kety 13{] 3eHuTHO-pakeTHoro Komnnekca 
solick MBO C-75. Ana ucnonb3osaHua Ha 
Kopa6nAax HyKHO 6biNO M3MeHMTb Ha 3TOM 
pakeTe y3nbI nogseckn K HanpaBnAioUlKm 


NYyCKOBOM yCTaHOBKH, a TaKKe 3aMeHMTb 
PAA KOHCTPyKUMOHHbIX MaTepHaos, C y4e- 
TOM MX MCNOAb30BAHMA B MOPCKMX yCNOBH- 
AX, ICKM3HbIM NPOeKT Ha M-2 Tpe6oBanocb 
BbINycTHTb B espane 1957 ropa, a cpayy 
3KCNepMMeHTabHbIx O6pa3yoB npon3Bec- 
TM B KOHYe 1957 roga. 

NepsonayanbHo xoTenn soopyxkuTb 
komnnekcamn M-2 Kopa6au, cnpoekTMpo- 
BaHHble Ha 6a3e Kpeiicepos npoeKta 
686uc. CHayana npeqnonaranoct CHAT C 
HMX YeTbipe Sawn 152-mm aptunnepuii- 
CKX OpyAMii M B3aMeH yCTAaHOBMTb YeTbIPe 
CnapenHbie cra6mansmpoBaHubie nycKoBbie 
ycTaHoekh Komnnexca M-2 w ase paqnono- 
KaUMOHHbIe CTaHuMM HaBeAeHHA paker. 

B koHue 1956 roga UKB-34 crano pa3- 
paGatbisars KopabenbuyWw nycKoByw ycTa- 
Hosky 3YP CM-64. Ona npegctasnana co- 
Goi cnapexHyio cra6unu3nposaHHyw nyc- 
KoByW0 yCTaHOBKy C ycTpolicrsamn noga4n 
W 3apaxKaHuA. Boekomnnext gonxen 6bin 


country, began in compliance with a 

governmental resolution of August 
13, 1955. The M-2 system was intended to 
defend ships against attack aircraft and 
guided missiles. The 13DM AD missile, the 
development of which was entrusted to 
the Fakel Engineering Design Bureau, was 
to become the weapon used in the M-2 
system. The range of the first shipborne 
AD missile made in our country was sup- 
posed to be 29 km, and its aerial target 
attack altitude - 3 to 22 km. 

The new missile was an upgraded 
shipborne version of the 13D two-stage 
missile used by the AD Forces with the 
S-75 system. To tailor the missile to naval 
use, it was necessary to change the design 
of the launcher hold-down lugs and to 
replace a number of engineering materi- 
als. The M-2 draft design was to be com- 


he development of the M-2, the first 
shipborne AD missile system in our 


pleted by February 1957, while its test 
models were to be ready in late 1957. 

Originally, it was planned to install the 
M-2 systems on the ships designed on the 
basis of Project 68bis light cruisers. It was 
initially proposed to dismount four turrets 
of 152mm artillery pieces from these cruis- 
ers and to install four M-2 stabilized twin 
launchers and two missile-guidance 
radars, instead. 

In late 1956, the Central Design 
Bureau #34 (TsKB-34) began to develop 
the SM-64 shipboard missile launcher. The 
SM-64 was a stabilized twin launcher with 
feeding and loading devices. The launcher 
was to feature an ammunition load of 44 
missiles. Furthering the trend, the devel- 
opment of the M-2bis shipborne AD missile 
system was started. It was planned to use 
in this system the 20D missiles tailored to 
the naval needs, 

However, in August 1957, all work on 
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Kpeticep “Jsepqunckui” c pakemHbim Komnnexcom M-2 
Dzerzhinsky cruiser equipped with M-2 AD missile system 
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cocToatb W3 44 paket. B pa3BuTHe 3Toro 
HanpasneHuA Hayanuce TakwoKe paboTel no 
Kopa6enbHomy 3PK M-26uc, 8 KOTOpoOM 
Npegnonaranocb ucnonb30BaTb MOANGH- 
uMposaubie Ana HyKA cpnora paketei 20]. 

Ogvako 8 asrycte 1957 roga pa6ortb 
no pa3nm4Hbim BapwaHTam M-2 cBepHynn, 
OrpaHW4HBWMcb NepeBoopyxKeHhem TONb- 
KO ofHoro Kopa6nn — Kpeiicepa “fl3ep- 
xKMHCKHA” (npoekT 703), nonyynswero 
cTatyc 3KCnepuMeHTanbHOro. IToT KOpabnb 
B CBOEM MCXOAHOM BABE, TO ECTb TONbKO C 
apTunnepuiickum BoopyxKeHHeM, Obin BBe- 
AeH 8 CTpon B 1952 roy. PykosoquTb ero 
MOePHU3ayHeH, OKOHYaTeNbHbIA NpoeKT 
KOTOpOH yrBepaunn B CeHTAGpe 1956 roga, 
6bino Nopy4eHo rmaBHOMy KOHCTpykTOpy 
C.T. 3aiuesy. 

Wi3-3a 6Gonbuimx rabapuTos pakeT oKa- 
3aNMCb HEAOCTaTOYHBIMM pa3Mepbi apTHn- 
nepwicknx norpe6os Kopabaa. Bot nove- 
my Ha “[]3epKMHCKOM” npwuinoc’ Coopy- 
AMT) cheyManbHylo HaACTpOliky BbICOTOH 
3,3 meTpa. 

flepecrpofika Kopa6nn G6bina ocyue- 
cTBneHa B Te¥eHue 1958 ropa 8 Cesactono- 
ne. B okoHYaTenbHOM BapmaHTe “f\3ep- 
KMHCKOFO” OCHACTMAM OAHOM KOpMOBOn 
nyckosoi ycraHosKoi CM-64 c GoeKomn- 
nekToM B 10 paket  3NeMeHTaMM 3EHHTHO- 
ro pakeTHoro KOMNAeKCa: paqMonoKaTopa- 
MMM CHCTeMOl ynpasneHna, 

Npu coaqaHnu KomnneKca M-2 yaanoch 
peanw3osarb He BCe NnaHupoBaBuMeca pe- 
weHua. Tak, HeCMOTpA Ha NonbITKM BHEA- 
PuTb aBTOMaTHYeCKylO CMCTemy 3anpaBKn 
Mapwesoh cTyneHH paket TonnuBoM, B 
OKOHYaTeNbHOM BapMaHTe OCTAaHOBMAMCh 
Ha Mx py4How 3anpaBKe B pakeTHOM norpe- 


6e nepeg nopayei Ha nycKoByto ycraHoBKy. 

B KoHye 1958 roa “J3epknHcKHi” 
nposen nepsbie 6pockosbie nyckw 13{\M, 
NoKa3aswHe pabotocnocobHocTb nycko- 
BOM YCTaHOBKH HM YCTpONCTB NoAa4u paket 
3 norpe6a, a TakxKe GezonacHocTe ANA KO- 
pa6enbubix HaACTpoeK Bo3AelCTBHA CTpyH 
cTapToporo yckopuTena paketbi. B 1959 
rogy 6bino ocywectBneHo oKoNO 20 nyckoB 
paket, B TOM 4MCNe HM NO BOSAYWHEIM Ue- 
nam. Mepsoi peanbHow yenbio ana M-2 
ctan 6om6apauposumk Vn-28, nereswni 
Ha Bbicore 10 Km. On 6bin COT nepsoi Ke 
pakeroi. 

Peaynstarbi, nony¥eHHble B Xofe MCNbI~ 
TaHnii M-2, oKa3aNHCb B OCHOBHOM 6AN3KH 
3afaHHbim Tpebosakuam. Ho He 6bin octas- 
nev 6e3 BHUMAHMA M PAA HeEAOCTATKOB HO- 
Boro OpykuA, HB NepBylo O4epeAs, TO, YTO 
M-2 oka3anca w3nMuHe TaxKentiM HM Gonb- 
wm no ra6aputam. {pyrum aktopom, Ko- 
Topbii OrpaHW4MBan BO3MO%KHOCTH KOM- 
nnexca, CTan HeBbICOKMA Temn cTpenb6tI, 
nockonbky TpeGosanocb 3HayMTenbHoe 
BpemA Ha NepesapAAKy NyCKOBbIX ycTaHO- 
Bok. Oka3anca HeBennk M Goesanac paxer. 

W ace-rakn, yanTbigan 3kcnepHmeH- 
TanbHbiii xapakTep nepgoro KopaGenbHoro 
3PK, 3TH HEAOCTaTKH He OTHOCMMC K pa3- 
pany KpuTH4eckux. Bonee Toro, ocHaueH- 
HI 3THM KOMNeKCOM KOpabnb BNOAHE Fo- 
AWNCA AMA MCNONb3OBaHMA ero B Ka4eCTBe 
naasyyeli “naptei”, rae mornn npHobperatb 
W oTpabarbisatb Goesbie HaBbIKH pacer 
6yayunx KopabenbHbix 3PK. 

3 asrycta 1961 roga, nocne 3aBepwe- 
HMA Nporpammel ucnbiTaHHi M-2, “[\3ep- 
KMHCKOTO” nepesenn B pa3pAQ yyeGHbIx 
Kopa6neii. 


various versions of the M-2 was stopped, 
but for the reequipment of the Dzerzhin- 
sky cruiser (Project 70E), which gained a 
status of an experimental ship. In its 
unmodified version, i.e. armed only with 
artillery, the ship was commissioned in 
1952. Chief designer S. Zaitsev was put in 
charge of modernizing the ship, and the 
final draft upgrade was approved in 
September 1956. 

Since the dimensions of the missiles 
were large, the ship's magazines turned 
out to be too small to accommodate the 
missiles. That’s why it was necessary to 
equip the Dzerzhinsky with a special super- 
structure 3.3 meters high. 

The reequipping of the ship was car- 
ried out in 1958 in Sevastopol. Finally, the 
Dzerzhinsky was fitted with an aft SM-64 
launcher with a load of 10 missiles and 
some AD missile system’s components: 
radars and a control system. 

In the course of developing the M-2, it 
proved impossible to implement all pro- 
posed engineering solutions. Thus, 
despite all attempts to introduce an auto- 
mated fueling system for the missile’s sus- 
tainer stage, in the final version it was 
decided to stick to manual fueling of mis- 
siles in their stowage before feeding them 
onto a launcher. 

In late 1958, the first drop launches of 
the 13DM missiles were carried out by the 
Dzerzhinsky. The launches demonstrated 
that the launcher itself, as well as the 
feeding and loading devices were opera- 
ble, and the exposure of the ship’s super- 
structures to a stream from the missile’s 
launching booster was also safe. In 1959, 


about 20 launches took place, including 
the ones at aerial targets. An Ilyushin 
Il-28 bomber flying at an altitude of 10 km 
became the first real target for the M-2. It 
was downed by the very first missile. 

The results obtained in the course of 
the M-2 testing were quite close to the 
preset requirements. However, a number of 
disadvantages of the new weapon were not 
ignored either. First and foremost, the M-2 
turned out to be excessively heavy and 
large-dimensioned. Another factor that 
limited the capabilities of the system was 
its low firing rate, since much time was 
required to reload the launchers. The mis- 
sile load was also insufficient. 

And yet, taking into account the fact 
that the fist shipborne AD missile system 
was experimental, these disadvantages 
were not critical. Moreover, a ship fitted 
with this missile system was quite suitable 
for being used as a “floating classroom” 
where the crews of future shipborne AD 
missile systems could acquire and master 
their combat skills. 

On August 3, 1961, upon completing 
the M-2 test program, the Dzerzhinsky was 
redesignated as a training ship. 
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3PK M-3. 3eHuTHaa ynpasnaemaa paketa B-800 (npoekt) 


M-3 AD missile system. V-800 guided missile (project) 


1956-57 rogax 8 MKB “®aken” npo- 
BOAUNMCh PaborTbI No 3yYeHHIO BO3- 
MoxKHOCTH co3qaHuA 3YP B-800 ana 
KopaGenbHoh 3eHMTHOM pakeTHOK 
cuctembi M-3, o6nagasweh Gonbwel janb- 
HOCTbWO AeicTBMA, 4eM CucTeMbI M-1 4 M-2. 
B-800 npegcrasnana co6oi gByxcty- 
neHyatyio pakery, BbINOAHEHHYIO No Hop- 
ManbHOW a3poAMHammyeckon cxeme. Crapt 
PakeTbi — HaKNOHHbI, C KopabenbHOn nyc- 
KOBOM yCTaHOBKH, HaBOAMMOM NO yrny MH 
a3umyry Mecta, YnpasneHve nonetom pake- 
Tbl W HaBepeHne ee Ha YeNb OCyuyecTBNAeT- 
CA NO pagnokomaHfaM, KOTOpbie noctynawT 
oT KopaGenbHon cTaHynn HaBegeHna. 


flepsaa ctyneHb B-800 npegctasnaer 
co60i Yerbipe TeepgoTonnMBHbIx ABHraTe- 
AA, YCTAHOBNEHHBIX B NepeAHeli YaCTH Map- 
wesou ctyneHn pakeTbl. Mapwesaa cry- 
NeHb OCHaWeHa XXHAKOCTHOM ABHraTenb- 
HOH yCTaHOBKON C HaCOCHOA CuCcTeMo;i No- 
aun KOMNOHeHTOB TONNMBa B ABMraTenb. 
KoxcTpykTHsHo MapweBan ctyneHb B-800 
COCTOMT M3 PAAa OTCeKOB, B KOTOPbIX pac- 
NonoxeHbi: pagnos3pbisatenb, 6oesaa 
4actb, 6nokn 6oprosod annapatypbi, Gakn 
C KOMNOHeHTaMM TonnMBa, KHAKOCTHbIA 
PakeTHbIi ABMraTenb, arperatbi ynpasne- 
HMA PyAMM pakeTbi, NPMEMHMK KOMaHA yn- 
Pasnena. 


n 1956-1957, the Fakel Engineering 

Design Bureau studied the possibility 

of creating the V-800 missile for the 

naval M-3 AD missile system, which 
could boast of a longer operating range 
compared to the earlier created M-1 and 
M-2 systems. 

The V-800 was a two-stage missile 
employing a normal aerodynamic configu- 
ration. The missile is launched at an angle 
from a shipboard launcher laid in eleva- 
tion and azimuth. Missile flight control 
and guidance are accomplished via radio 
commands from a shipboard guidance 
radar. 


The first stage of the V-800 consists of 
four solid-propellant engines arranged in 
the fore part of the missile’s sustainer 
stage. The sustainer stage is fitted with a 
liquid-propellant pump-feed engine. 
Structurally, the sustainer stage of the 
V-800 consists of a number of sections 
housing a radar fuze, a warhead, onboard 
equipment units, propellant tanks, 
a liquid-propellant engine, missile control 
surface actuators and a control command 
receiver. 
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V-800 missile on the launcher (project) 
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3PK M-11. 3eHutTHaa ynpaBnaemaa paketa 4K60 


M-11 AD missile system. 4K60 guided missile 


eHMTHaA ynpaBnaeman paketa cpep- 

Hei fanbHoctu 4K60 npeqda3Hayena 

ANA NopakeHuA pasnu4tbix cpeAcTs 

BO3AyWHOrO HanafeHMA: CaMoneToB 
CTpaternyeckoi, TakTH4YeCKOA MH MOpCKON 
aBuayuu, BEPTONeTOB M PaKkeT pa3NM4HbIx 
knaccos — B WHPOKOM AMana3zoHe ycnoBni 
wx GoeBoro NpMMeHeHHA, a TakwKe MaNO- 
Pa3mepHbIx HaQBOAHbIx Yenen. 

4K60 — ogHoctynenuatan paxera, BbI- 
NONHeHHaA NO HOPMaNbHO a2poAHHamn- 
4ecKOn Cxeme. 

Crapt pakerbi — HaKnOHHbIi, C nycKoBOi 
ycTaHOoBKH, HaBOAHMO NO yrny HW a3MMyTy 
mecta. YnpasneHne noneTom pakerbi m HaBe- 
AeHne ee Ha Yenb OCyWeCTENAOTCA NO pa- 
AMOKOMaHAaM, KOTOpbIe NoCTynaloT oT pac- 
NonoKeHHO Ha Kopa6ne cTaHyMM HaBepe- 


Hua. Nogpeis Goesoi 4acTw pakeTel ocywe- 
CTBNAeTCA NPM NogNeTe K YeNM NO KOMaHAe 
Paquos3pbigatena nu6o no KoMakge, nocty- 
navel oT CTaHuMh HaBeAeHua. 

KoxctpyktusHo paketa 4K60 coctouT 
¥3 pAga OTCeKOB, B KOTOpbIx pacnonoxKe- 
HbI: PaguoB3pbiBaTenb, OCKONOYHO-¢pyrac- 
Han 6oesan YacTb, 6noKH GopToBod anna- 
patypbi, AByXpeXHMHEI TBepACTONAMB- 
Hblii pakeTHbIii ABMraTenb, NPHEMHMKH KO- 
MaHA ynpasneHna, arperatbl ynpasneHuan 
pynamn pakerbl. 

Nlocne mogepHn3aynn 6optosoi anna- 
Patypbi M CosepweHCTBOBaHMA MeTOAa Ha- 
BeEeHMA pakeTbI CTaNO BO3MOKHbIM Nopa- 
KeHNe Manopa3MepHbIX ene Ha CBepx- 
Masibix BBICOTAX. 


he 4K60 medium-range missile is 

‘intended to engage various air attack 

weapons: tactical and naval aircraft, 

helicopters and various types of mis- 
siles in a wide range of their combat use, as 
well as small surface targets. 

The 4K60 is a single-stage missile 
employing a normal aerodynamic configu- 
ration. 

The missile is fired at an angle from 
a launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from 
a shipborne guidance radar. The warhead 
is detonated in proximity to the target by 
command from a radar fuze or from a quid- 
ance radar. 

Structurally, the 4K60 missile consists 


of a number of sections housing a radar 
fuze, missile control surface actuators, 
a HE fragmentation warhead, onboard 
equipment units, a dual-mode solid- 
propellant rocket engine, and control com- 
mand receivers. 

The modernization of onboard equip- 
ment units as well as the perfection of the 
missile’s guidance allow engaging small- 
size targets at extra low altitudes. 
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3PK “Oca-M”. 3eHuTHaa ynpaBanemaa paketa 9M33 


Osa-M AD missile system. 9M33 guided missile 


eHMTHaA ynpaBineman paketa Manon 
AanbHoctw 9M33 npeaHasHayena ANA 
NopaxkeHuAa pa3nu4Hbix Cpeacts B03- 
AywHoro HanageHua: CamoneTos TaK- 
THYeCKON MW MOPCKOM aBMayMH, BepToNeTOB 
W pakeT pa3nM4Hbix KNaCcoB - B WKPOKOM 
Aana3oxe ycnoBnit ux Goesoro npumeHe- 
HMA, a TaKKe ManopasMepHbIX HaABOAHbIX 


yenei. 


9M33 — ogHoctynenyaran pakera, BbI- 
NonHeHHaA NO aspomMHamMyecKon cxeme 
“ytka”, co CBO6OAHO BpaualoulMMcA xBOC- 


TOBbIM KpbiNbeBbIM GNOKOM. 


Crapt paket! — HaknoHHbIii, C nycKOBOK 
YCTaHOBKM, HaBOAMMOM NO yrny W a3MMyTy 
mecta. YnpasneHve noneTom pakerbi M HaBe- 


eHve ee Ha YeNb OCyu\eCTENAWOTCA NO pa- 
AMOKOMaHAaM, KOTOpbIe nocTynaloT oT pac- 
NonokKeHHON Ha KOpaGne cTaHyMn HaBene- 
Hua. Mogpbia 6oesoh yactw pakeTbi ocyuse- 
cTBAAeTCA Np Nopere K Yen no KOMaHAe 
Pagwosspbisatena nu6o no KoMaHfe, nocty- 
nawouwen oT CTaHyMH HaBepeHnA. 

KoxctpyktuBHo paketa 9M33 coctouT 
3 paga OTCeKOB, B KOTOPbIX pacnonome- 
HbI: paqnos3pbiBatenb, arperatb! ynpasne- 
HMA pyNAMM pakeTbI, OCKONOYHO-dyrachan 
60eBaa 4acTb, 6noKM Goptosoi annapaty- 
Pbi, ABYXPEXMMHBIA TepAOTONAMBHEIA pa- 
KeTHbIi BMraTeNb, NPMeMHMKH KOMAHA yn- 
pasnexna. 


he 9M33 short-range missile is 

intended to engage various air 

attack weapons: tactical and naval 

aircraft, helicopters and various 
types of missiles in a wide range of their 
combat use, as well as small surface 
targets. 

The 9M33 is a single-stage missile 
employing a canard aerodynamic configu- 
ration with a freely-rotating aft wing unit. 

The missile is fired at an angle from 
a launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from 
a shipborne guidance radar. The warhead 
is detonated in proximity to the target 


by command from a radar fuze or from a 
guidance radar. 

Structurally, the 9M33 missile consists 
of a number of sections housing a radar 
fuze, missile control surface actuators, a 
HE fragmentation warhead, onboard 
equipment units, a dual-mode solid- 
propellant rocket engine, and control com- 
mand receivers. 
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2. Cmapm pax 
9M33 mi 

3. 3apamar 
Launcher being loaded with 9M33 m 
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3PK C-300® “Puc”. 3eHutTHaa ynpaBnaemaa paketa 5B55PM 


Rif S-300F AD missile system. 5V55RM guided missile 


eHuTHaA ynpaBnaemaa paketa cpea- 

Hew panbHoctw 5B55PM npequa3Ha- 

4eHa Ana nopaeHnA Kak CoBpemeH- 

HbIxX, TaK M MepChekTMBHbIX CpeqcTe 
BO3AYWHOFO HanageHMA: CaMoneToB CTpa- 
Tern4eckOH, TAKTMYECKON M MOPCKON aBna- 
yuu, CTpaTerMyecknx KpbinaTbIx paket, 
ABMAaMOHHBIX paket, TaKTHYeCKHX H One- 
paTBHO-TakTHM4eCKHX HannMcTM4ecKMx pa- 
Ket, 6eCnMAOTHIX NeTaTenbHBIX annapaToB 
— 8 WAPOKOM AMana3zoHe ycnoBnii ux Goe- 
Boro npumeHeHua. 

Paketa aKcnnyatupyeTca 8 repMeTH4- 
HOM TpaHCnOpTHO-nycKOBOM KOHTedHepe 
(TMK) 4 He tpeGyet nposepok w perynupo- 
BOK 8 TeYeHHe BCerO CpoKa CnyKObI. 

5B55PM — ogvoctynenyataan pakera, 
BbINONHEHHAA NO HOPMaNbHON a3poAnHa- 
MMYeCKOM Cxeme, C packpbiBaembIMM Nocne 
crapta pynamu. 

Crapt paketb! - BepTHkanbHblii, C no- 
MOUjbIO ycTaHoBneHHoH B TIIK KaTanynerbl, 
6e3 npegsapuTenbHoro pasBopota nycKo- 


ere mathe 


opmaelr 


BOM yCTaHOBKH B CTOpoHy Yenn. Mocne 3a- 
hycka ABHratena pakeTa CKNOHAeTCA B Tpe- 
Gyemom HanpaBneHun B 3aBMCMMOCTH OT 
NonokeHuA YeAK NPM NOMOUM ra30BbIX py- 
Aei-3nepoHos. 

Mpw Hasegenmn pakers! ucnonb3yeTca 
NpHwHuMN ConpoBoxAeHMA YenM 4epes pa- 
Kety. Ockono4Ho-dyracHan Goesan 4acTb 
Gonbwo MOWHOCTH B CO¥eTaHHM C BbICO- 
KMMM neperpy3Kamu, KoTOpbie cnocobHa 
BbiIAepKUBaTb PakeTa, O6ecneunBatoT 30)- 
cbekTueHoe noparkeHve Yeneli, 8 TOM 4ucne 
W MHTEHCHBHO MaHeBpupylounx. 

Paketa 5B55PM ocnaujeHa BbicoKo3dp- 
bektusHbim TBepAoTONAMBHbIM ABHraTe- 
nem, KOHCTpyKTMBHO OHa COCTOMT M3 papa 
OTCeKOB, 8 KOTOPbIX pacnonoxkeHbI: pagno- 
Nenexratop, annapatypHbii orcex (Gopto- 
8a annapatypa BbINOAHeHa B BMAe MOHO- 
6noxa), ocKonowHO-dyracHan Goesan 4aCTb, 
TBeEPAOTONAMBHbIA pakeTHbI ABMraTeNb, ar- 
peratbi ynpaBneHua pynaMu pakerei. 


he 5V55RM medium-range missile is 
intended to engage the in-service 
air attack weapons as well as those 


under development, including 
strategic, tactical and naval aircraft, 
strategic cruise missiles, air-launched 
missiles, tactical and theater ballistic 
missiles and UAVs in a wide range of their 
combat use. 

The missile is operated in a sealed 
transporting-launching container and 
requires no maintenance or check-ups 
throughout its entire service life. 

The 5V55RM is a single-stage missile 
employing a normal aerodynamic configu- 
ration with control surfaces that are 
unfolded after launch. 

The missile is launched vertically with 
an aid of a catapult mounted in the trans- 
porting-launching container, without 
prior laying the launcher in the direction 
of the target. After the blast-off, depend- 
ing on the position of the target, the mis- 


sile is deflected in the desired direction by 
means of gas vanes (ailerons). 

Missile guidance is of the missile- 
tracking type. A powerful fragmentation 
warhead coupled with the missile’s ability 
to withstand high g-loads ensures effi- 
cient destruction of targets, including the 
intensively evading ones. 

The 5V55RM missile is fitted with a 
powerful solid-propellant engine. Struc- 
turally, it consists of a number of sections 
housing a radio direction finder, an equip- 
ment section (the onboard equipment fea- 
tures a monoblock unit), a HE fragmenta- 
tion warhead, a solid-propellant rocket 
engine, and missile control surface actua- 
tors. 
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3PK C-300® “Puc-M”. 3eHutHaa ynpaBnsnemaa paketa 48H6 


Rif-M S-300F AD missile system. 48N6 guided missile 


enntHaa ynpasnaeman paketa 6onb- 
woh ganbHoctn 48H6 npegHa3zHaye- 
Ha ANA NopaxkeHua Kak COBPEMEHHbIX, 

Tak M NepcnekTMBHbIX CpeACTB B03- 
AywWHoro HanageHua: CamoneTos Crparern- 
yecKol, TaKTHYeCKOM M MOpPCKO aBMaynn, 
cTparernyeckwx KpbinaTbIx pakeT, aBHayH- 
OHHbIX pakeT, TAKTHYECKMX M ONepaTHBHO- 
TakTMyecknx BannucTMyeckHx paket, 6ec- 
NMAOTHBIX NeTATeENbHBIX annapatoB, — BO 
BCeM AMana3zoHe ycnoBHii Mx GoeBoro npH- 
MeHeHHA. 

Paketa akcnnyathpyetca 8 repmeTH4- 
HOM TPaHCNOpTHO-nyckOBOM KOHTedHepe 
(TINK) w He Tpe6yer nposepok w perynupo- 
BOK B TeYeHMe BCerO CpoKa CnyXx6bl. 
48H6 — ogvoctyneHyatan pakerta, Bbinon- 
HeHHaA NO HOpManbHow a3spoAMHamn4ec- 


See 


Koi CxeMe, C packpbisaembimH nocne cTap- 
Ta pynamu. 

Crapt paketbt — sepTukanbHbiii, C no- 
MOU\bIO yCTaHoBNeHHON B TIK Katanynerel, 
6e3 npegsapuTenbHoro pazBopota nycko- 
BOM yCTaHOBKM B CTOpoHy yenn. Nocne 3a- 
hycka ABHratena pakeTa CKNOHAeTCA B Tpe- 
Gyemom HanpasneHnM 8 3aBMCHMOCTH OT 
NomMKeHKA YeNH NPM NOMOU\M raz0BbIX py- 
nei-3nepoHos. 

Npw HasepeHun pakeTel Hcnonb3yeTca 
NpMHyMn CONpoBOxAeHHA WeNK Yepes Ca- 
my pakety. OckonoyHo-pyrachan 6oesan 
4actb Gonbwom MOWHOCTH B CO¥eTaHHK C 
BRICOKMMM Neperpy3kamM, KOTOpbIe Cno- 
co6Ha sbigepxnsats paketa, o6ecneynea- 
soT actpekTHBHoe nopakeHne Yenel, B TOM 
4WCne MW MHTEHCMBHO MaHeBpMpyiouynx. 


- : , -_ 
ne | cee i 


he 48N6 long-range missile is 
intended to engage the in-service air 
attack weapons as well as those 


under development, including 
strategic, tactical and naval aircraft, 
strategic cruise missiles, air-launched mis- 
siles, tactical and theater ballistic mis- 
siles, and UAVs in the complete range of 
their combat use. 

The missile is operated in a sealed 
transporting-launching container and 
requires no maintenance or check-ups 
throughout its entire service life. 

The 48N6 is a single-stage missile 
employing a normal aerodynamic configu- 
ration with control surfaces that are 
unfolded after launch. 

The missile is launched vertically with 


an aid of a catapult mounted in the trans- 
porting-launching container, without 
prior laying the launcher in the direction 
of the target. After the blast-off, depend- 
ing on the position of the target, the mis- 
sile is deflected in the desired direction by 
means of gas vanes (ailerons). 

Missile guidance is of the missile- 
tracking type. A powerful fragmentation 
warhead coupled with the missile’s ability 
to withstand high g-loads ensures effi- 
cient destruction of targets, including the 
intensively evading ones. 
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1. Taxkenbid amomHeid pakemnoid xpedcep “Memp Benuxud 
¢ pakemubim Komnnekcom “Pucp-M” 
Heavy nuclear-powered missile cruiser Pyotr Veliky 


equipped with Rif-M AD mis: 


e syst 


Koable KOHN u 48H6 


2. Tpancnopmao-n Hepbi c paxema 
8 nodnany6Hom npocmpancmee Kpedcep 
Transporting. 
missiles under deck of the 

3. Myck 3YP c xpeiicepa “Ne 


Guided missile launched from 


lau 


ching containers with 
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3PK “KnuwHok”. 3eHuTHaA ynpaBnaemaa paketa 9M330 


Klinok AD missile system. 9M330 guided missile 


eHMTHaA ynpaBnAemaa pakeTa Manon 
AanbHoctw 9M330 npegHa3HayeHa 
ANA nopakeHua pasnM4Hbix cpepcTs 
BO3AyWHOrO HanageHuA: CamoneToB 
TaKTM4eCKOA M MOpCKOA aBKaynu, BepTO- 
JeToB, ynpasnaembix 60M6 wu paket pa3- 
AMMHBIX KNACCOB — B WMpOKOM AMana3z0He 
ycnosuii ux 6oesoro npuMeHeHuA, a TawKE 
Manopa3MepHbix HaQBOAHbIx Yenei. 
Paketa 3kcnnyarupyetca B repMeTH4- 
HOM TpaHCNOpTHO-nyCKOBOM KOHTeHepe 
(TINK), He Tpe6yet nposepok uw perynupo- 
BOK B TeYeHHe BCero Cpoka CnyKGbI. 
9M330 — ogvoctynenyatan paketa, 
BbINONHEHHAA NO aIpoAMHaMM4ecKoi Cxe- 
me “yTkKa”, C packpbiBaembiM noche crapta 
CBOGOAHO Bpal\alou\MMcA XBOCTOBLIM Kpbi- 
nbesbim 6noKom. Crapt pakeTbl — Beptn- 
KaMbHblii, C NOMOUbIO yCTaHOBAeHHOM B 
TNK katanynete, 6e3 npegsaputenbHoro 
pa3Bopota nycKOBOH ycraHOBKh B CTOpoHy 
yenu. Mocne sbixoga pakerti u3 TMK, ne- 


pea 3anyckom pa3roHHO-mMapweBoro ABv- 
faTena, OHa CKNOHAeTCA B TpebyeMom Ha- 
NpasneHnn c NOMOUIbIO CneyManbHO;K ra30- 
AMHaMMYeCKO; CHCTeMBI. 

Ynpasnexne nonetom pakeTbl m HaBe- 
enue ee Ha Yenb OcyuecTBnAeTCA NO pa- 
AMOKOMaHAaM, KOTOpbie nocTynaioT OT pac- 
NonoxKeHHON Ha KopaGne cTaHynn HaBene- 
Hua. Nogpeis 6oesoii 4acTw pakeTe! npon3- 
BOAMTCA NPM nogNeTe K Yen No KoMaHpe 
PaqMogspbigatena nu6o no KomaHfe, no- 
CTynaioweli or craHyMn HaBepeHua. 

KoxctpyxtuBHo paketa 9M330 cocTo- 
WT M3 pAAa OTCeKOB, B KOTOPbIx pacnono- 
2X@HbI: pagMoB3pbiBaTenb, arperarbl ynpas- 
NeHMA pyNAMM pakeTbI, CHCTeMa ra3z0QnHa- 
MMMECKOFO CKNOHEHMA pakeTbl, OCKONOY- 
Ho-cbyracHaa 6oepan Yactb, 6noKn 6opto- 
BOK annapatypbi, AByXPEXMMHbIA TeepAO- 
TONAMBHBIN pakeTHbIN ABHraTenb, NnpMem- 
HMKM KOMaHA ynpaBneHua, 


he 9M330 short-range missile is 

intended to destroy various air 

attack weapons: tactical and naval 

aircraft, helicopters, guided bombs 
and various types of missiles in a wide 
range of their combat use, as well as small 
surface targets. 

The missile is operated in a sealed 
transporting-launching container and 
does not require any maintenance and 
check-ups throughout its entire service 
life. 

The 9M330 is a single-stage missile 
employing a canard aerodynamic configu- 
ration with a freely-rotating aft wing unit 
that unfolds after the blast-off. The mis- 
sile is launched vertically from its trans- 
porting-launching container by means of a 
catapult mounted in the container, with- 
out prior laying the launcher in the direc- 
tion of the target. After the missile leaves 
the transporting-launching container and 


before the sustainer booster is started, the 
missile is deflected in the desired direc- 
tion by means of a special gas dynamic 
system. 

Missile flight control and guidance are 
accomplished via radio commands from a 
guidance radar mounted aboard a ship. 
The warhead is detonated in proximity to 
the target by a command from a radar fuze 
or from a guidance radar. 

Structurally, the 9M330 missile con- 
sists of a number of sections housing a 
radar fuze, missile control surface actua- 
tors, a gas dynamic missile deflection sys- 
tem, a HE fragmentation warhead, onboard 
equipment units, a dual-mode solid- 
propellant rocket engine, and control 
command receivers. 
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1. 3annoswiil nycx paxem 9M330 c Gopma 6onswoeo 
npomusonodownozo Kopa6ar “Admupan Ya6aHeHKo 
f 9§M330 missiles launched in salvo from large ASW ship Admiral Chabanenko 


2. Kpbiuiku nyckoebix ycmanoBox pakemozo Komnnexca “KAUHOK 
Klinok AD missile system launchers’ covers 

3. Pakema 9M330 @ mpancnopmwo-nyckosom KoHmednepe 
9M330 missile in transporting-launching container 


Cmapm paxemei 9M330 c 6opma mamenoz0 asuanecyusez0 
xpeticepa “Admupan pnoma Coeemckozo Cowosa H.I. KyaHeuoe 
9§M330 missile launched from heavy aircraft-carrying cruiser 
Admiral of the Fleet ot the Soviet Union N.G. Kuznetsov 


4. Cuno 


enue paxembi 


le deflecting in the required direcrtion 


Janyck ma} 


8020 AeuzamenA 


Sustainer starting 
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XapakTepucTHKM 3eHMTHbIX ynpaBnAeMbIX pakeT ANA KOpabenbHbIx 3PK 
Missiles for Naval Air Defense Systems (Basic Characteristics) 


3owa nopamenue, KM Maxcumansnan Macca paxerss, xr | Macca 6oesoi vacru Pasmep paxerss, m 
cKopocts nopamaemon pakers, Kr 


Target engagement zone, km au 


Overall dimensions, m 


HM i i 
Hesaie Designation no panbHocTa no sbicore anametp paamax Kpbinbes 


Max target speed, | Missile weight kg | Warhead weight, kg (cra6wnwaaropos) 


km/h 


range altitude diameter wing (fins) span 


4K90 4K90 


4K91 4K91 


131M 13DM 


B-800 V-800 


4K60 4K60 


9M33 9M33 


5B55PM | 5V55RM 


48H6 48N6 


9M330 9M330 
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\ ABualnoHHble pakeTbi 
Knacca “BO3AYxX-BO3Ayx” 


_. Air-to-Air Missiles 
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uucne nepsbix 3aqa4, NOCTaBNeHHbIX 

nepeg MKB “®aken”, Gino sbinonHe- 

Hie McnbITaHHii H OTpaboTka aBMalyn- 

OHHOM ynpasnAemoi pakeTbI Knacca 
“so3pyx-Bo3zpyx” PC-1Y. Cosqapatb 3ty pa- 
kKety Hayanu 6 1951 rogy 8 KB-1. K pabote 
Haq Heli 6bin npuBnedeH pag BeAyUyMX Ha- 
Yy4HO-MCCAeMOBaTeNCKMX M KOHCTpykTOp- 
CKWX OpraHM3aynMit cTpakbl. NMepegaya 
PC-1Y 8 segenue MKB “Maken” npaktuyec- 
KW He nosnekna 3a co6oH u3MeHeHH B 
cpokax nposegenua pabor. 

Zjna BeinonHeHna noctasneHHon 3aqa- 
un B MKB “®aken” 6binu 3agelicreopaHbi 
OnbITHOe NPOM3BOACTBO M MCNbITaTeNbHbIe 
cayx6bl npeanpuatua. Cneymanncrbt KOH- 
cTpykTopcKoro 6iopo o6ecne4neann HW npo- 
BeqeHne nepabix B Hawel CrpaHe nyckoB 
ABMAMOHHbIX ynpaBnAeMbIxX pakeT No Ca- 
monetam-muweHaM, Mepebiit 13 HAX COCTO- 
anca 8 mapta 1955 roga no camonety-6om- 
6apanposuynky Ty-4. 

B 1956 roy pakera PC-1Y 6tina npu- 
HaTa Ha BOOpykeHHe McTpebuTeneii-nepe- 
xeaTunkos Muf-17NOY w AK-25K. 

AjanbHeiwum pazeutvem 3T0 pakeTbt 
ctana PC-2Y, paspa6orka KoTOpod Hayanach 
B KOHUe 1954 roga. Ee OcHOBHbIMM OTNMYH- 
amu oT PC-1Y 6binn Gonbuliaa AanbHOcTb ny- 
cka MW 6onbwni AMana30H CKopocTeli M BbI- 
COT NPMMeHeHHA, 4TO NO3BONANO MCNONb30- 
BaTb ee B COCTaBe KOMMeKCOB BOOpy>KeHMA 
Gonee CKOPOCTHBIX M BbICOTHBIX MCTpeOuTe- 
nei-nepexsarynkos, PC-2Y 6tina npwHata 
Ha BoopykeHve B HoARbpe 1957 roga uv B 
AaNbHehwem NpMMeHANACb B KaYeCTBe OC- 
HoBHOro BuAa Opyxkha McTpeOuTeneli-nepe- 
xeatunkos Muf-1911M u Cy-9. 

YcnewHble nepsbie warn B co3sqaHKn 


ynpapnremoro pakeTHoro BoopyxKeHMA 
no3sonunu MKB “®aken” npuctynute kK 
BEINONHEHMW HOBOTO 3agqaHHA — CO3QaHKIO 
@BMayMOHHON pakett! K-6. PaspaboTKa 
3TOn pakersi, npeAHasHayaBwelica ANA MC- 
Nonb30BaHHA NepcnekTHBHEIMM CaMOneTa- 
mv-nepexeatunkamn (V-3, E-150 4 pagom 
Apyrux), Benacb c pexabpa 1954 roga. B 
xoge pa6orti 6bin npogemonctpuposan 
BbICOKMA NoTeH\YMaN CneyManucTos npep- 
npwatua. OHM NpeANoxkuan PAA KOHCTPyK- 
TOPCKMX peweHHi, peanuzaynA KOTOPEIX 
AonKHa 6bina 3aMeTHO yny4wMTb xapakTe- 
PUCTMKM pakeTeI, ynpOcTHTb ee Npon3B0p- 
cTBo W aKCnnyaTaynio. OAHaKo W3-3a 3Ha- 
4MTeNbHO 3arpy3KM NpeanpuaTHA 3eHMT- 
HO pakeTHOn TemaTMKOli, paborbi no K-6 # 
ee MofepHH3MpoBaHHomy BapmaHTy K-6B 8 
anpene 1958 roga 6binn npekpawenbi. 

B cepequve 1960-x rogoe — B anoxy pe- 
OpraHw3ayMM aBMayMOHHON mW pakeTOcTpoH- 
TenbHO NpombiuiNeHHOCTH — B MKB “@aken” 
6bino paspa6oraHo ewe 48a npoekTa aBnayn- 
OHHbIX ynpasnnembix paket. O6e panbHero 
felicreua. OHM npegHasHayanuch ANA Mc- 
Nonb3osaHHA MCTpeGmTenamu-nepexBaryn- 
Kamu Ty-148 w E-155 (Mul-25). Oguako qanb- 
Heiwero pa3BHTMA 3TH paboTbI He NonyYMAM, 

Hecmotpa Ha To, 4TO Co3qaHHbie MKB 
“@aken” asMayMoHHble ynpaBnaembie pake- 
Tbi 6biNM NPMHATbI Ha BOOPyKeHHe B KOHUC 
1950-x roqoB, NPOAOMKMTENbHOCTb UX 3KC- 
nayataymu 8 page CTpax npesbicuna 40 ner. 
B Hayane 1960-x rogos ux npowsBoqcTeo 
no nMyeH3HH Geino OcBoeHO B KuTae nog 
o6o3Ha4eHnem PL-1, a 8 KOHYe 1990-x ro- 
Ros 8 Monbwe Ha ocHoBe PC-2Y 6eina co- 
3faHa paketa-mnweHb, npeaHasHayaswan- 
Ca ANA TpeHMpoBKH paceros 3PK. 


mong the first tasks assigned to the 

Fakel Engineering Design Bureau was 

testing of the RS-1U air-to-air mis- 

sile. The development of the missile 
began at the Design Bureau #1 (KB-1) in 
1951. A number of leading research and 
design bureaus of our country were 
involved in this project. The RS-1U project 
handover to Fakel entailed practically no 
changes in the work schedule. 

To accomplish the task, the Fakel 
Engineering Design Bureau used its own 
test production and testing facilities and 
services. The Design Bureau's specialists 
were also in charge of conducting the first 
in our country launches of airborne guided 
missiles at target aircraft. The first launch 
was carried out on March 8, 1955, with a 
Tupolev Tu-4 bomber being the target. 

In 1956, the RS-1U missile was adopt- 
ed for service with Mikoyan MiG-17PFU 
and Yakovlev Yak-25K fighter-interceptor 
aircraft. 

The development of the follow-on ver- 
sion, the RS-2U, started in late 1954. The 
missile differed from the RS-1U by a 
greater firing range, wider flight speed and 
altitude range. This made it possible to 
use the RS-2U with weapon systems 
mounted on higher-speed and higher- 
altitude fighter-interceptor aircraft. The 
RS-2U was adopted for service in 
November 1957 and was subsequently 
used as the main weapon of MiG-19PM and 
Sukhoi Su-9 fighter-interceptor aircraft. 

The first successful steps towards 
developing guided weapons allowed Fakel 
to start a new project - designing the K-6 
air-launched missile. The development of 


this missile that was intended for 
advanced interceptor aircraft (the I-3, 
£-150 and a number of others) began in 
December 1954, 

In the course of work, the Bureau spe- 
cialists demonstrated their high engineer- 
ing potential. They offered a number of 
engineering solutions the implementation 
of which was to considerably improve the 
missile’s performance characteristics, as 
well as to streamline its production and 
operation. However, since Fakel had con- 
siderable amounts of work to do on the AD 
missiles, all work on the K-6 and its 
upgraded version, the K-6V, was discontin- 
ued in April 1958. 

In the mid-1960s — the time when air- 
craft and missile production industries 
were being restructured — two more proj- 
ects of the air-launched missiles were 
developed at Fakel. Both were long-range 
missiles intended for Tu-148 and E-155 
(MiG-25) fighter-interceptor aircraft. 
However, these projects had no further 
development. 

Regardless of the fact that the air- 
launched missiles designed by Fakel were 
adopted for service in the late 1950s, in 
some countries they remained in opera- 
tion for more than 40 years. In the early 
1960s, their license production was mas- 
tered in China, with the missiles designat- 
ed PL-1. And in the late 1990s, a target- 
missile intended for training crews of the 
AD missile systems was developed in 
Poland on the basis of the RS-2U. 
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Apuvayvonuaa ynpasnaemaa paketa PC-1¥ 


RS-1U air-to-air guided missile 


BMaMOHHAA ynpasnaeman paketa 

PC-1Y npeqva3Hayena ana nopaKe- 

HWA pa3NM4HbIx CpeqcTa BO3AYWHOFO 

HanageHma, KOTOpbie BKNIOYAIOT B Ce- 
6A Camonerbi CTpaterMyeckod M TakTHM4eC- 
Kol abnayun. 

Paxeta PC-1Y — ognoctynenyataa, Bbi- 
NOnHeHa NO azpoAnHamMyecKo cxeme 
“ytka", C Kpectoo6pa3Ho pacnonoKeHHbi- 
MM KpbinbaMn MH pynamn. CrapT pakeTbI — C 
Hanpasnniowed Gankn camoneTHow nycKo- 
Boi ycraHoBkn. Ynpasnenne ee noneTom H 
HaBefeHMe Ha Yen OcyujecTenAeTcA nO 
PaqnokomanAam CamoneTHO cTaHyMM Ha- 
sepexua. NMopptis 6oesoh yactw npoucxo- 
AMT Np nognere K yenw no KoMaHAe 
paavosspbisatena. 

Paxera PC-1Y¥ coctowt m3 natn oTce- 


kos: 6oesoi YacTH C paqnonokayHoHHeiM 
B3pbiBaTenem, OTCeKa C pynAMM M pyneBbi- 
MM MalMHKaMM, TEepAoTONAMBHOTO ABMra- 
Tena C AByMA GoKOBbIMM ConnaMnH, OTCeKAa C 
BO3AYWHbIM aKKYMyNATOPOM AaBNeHMA MH 
3nemeHTamM annapatypbi 4 oTceka C 6n0- 
KOM paqwoynpasnenna. 


he RS-1U air-to-air guided missile is 
intended to engage various air 
attack means, including strategic 
and tactical aircraft. 
The RS-1U is a single-stage missile 
employing a canard aerodynamic configu- 
ration with cruciform arrangement of 


Paxema PC-1Y @ noneme (pucyHox u3 mexnuveckozo onucaHun 1955 2.) 
RS-1U missile in flight (a picture from technical description, 1955) 


wings and fins. The missile is fired from an 
aircraft's missile launcher guide. The mis- 
sile’s flight path control and guidance are 
accomplished via commands from an air- 
craft guidance radar. The warhead is deto- 
nated in proximity to the target by a com- 
mand from a radio fuze. 

The RS-1U comprises five sections: a 
warhead with a radar fuze, a section with 
fins and wing actuator assembly, a solid- 
propellant engine with two side nozzles, a 
section with an air-propellant gas genera- 
tor and equipment components, and a sec- 
tion with a radio control unit. 
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Paxembi PC-1Y na ucmpe6umennx-nepex. 17Ndy 
RS-1U missiles on MiG-17PFU fighter-interceptors 
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ApwayvonHaa ynpasnaemaa paketa PC-2Y 


RS-2U air-to-air guided missile 


OgepHH3zauna pakerti PC-1Y. Mpea- 

Ha3Ha4eHa ANA nopaxkeHna pasnn4- 

HbIX CpeAcTe BO3AyWwHOrO Hanape- 

Hua, KOTOpbIe BKNIOYAIT B CebA Ca- 
MoneTbI CTpaTernyeckoi Mm TaKTH4eCKOA 
asnayun. 

Paxeta PC-2Y — ogoctynenyataa, Bbi- 
NonHeHa NO azpoAnHamuyeckow cxeme 
“ytka”, C KpecToo6pa3Ho pacnonoeHHbi- 
Mu Kpbinbamu w pynamn. CrapT pakerbi — C 
Hanpasnaiowei Gankn camoneTHo nycKo- 
Bow ycraHoBKn. YnpasneHne ee noneTom n 
HapefeHue Ha Yenb OcyujecTBnAeTcA no 


PagqnokomaHfam CaMONeTHOM CTaHUMM Ha- 
Begexua. Mogptis Goesoh yactu npoucxo- 
AMT NpH nognete kK Wenn NO KOMaHse pa- 
AMoB3pbiBaTena. 

Paketa PC-2Y coctowt 3 natn orce- 
Kos: 60eB0h yacTH C PaQMONOKaUMOHHbIM 
B3pbiBaTenem, OTCeKa C PyNAMM M PyNeBbi- 
MM MalMHKaMH, TBEPAOTONAMBHOTO ABUra- 
TeAA C ABYMA 6oxkosbimu Connamn, oTCeKa C 
BOSAYWHbIM aKKyMyNATOpOM faBneHnA HM 
3NEMeHTAaMM aNnapatypbi WH OTCeKa C 6n0- 
KOM paqwoynpasneHna. 


he RS-2U air-to-air guided missile (a 

modernized version of the RS-1U) is 

intended to engage various air 

attack means, including strategic 
and tactical aircraft. 

The RS-2U is a single-stage missile 
employing a canard aerodynamic configu- 
ration with cruciform arrangement of 
wings and fins. The missile is fired from 
the aircraft's missile launcher guide. The 
missile’s flight path control and guidance 
are accomplished via commands from an 
aircraft guidance radar. The warhead is 


detonated in proximity to the target by a 
command from a radio fuze. 

The RS-2U missile comprises five sec- 
tions: a warhead with a radar fuze, a sec- 
tion with fins and wing actuator assembly, 
a solid-propellant engine with two side 
nozzles, a section with an air-propellant 
gas generator and equipment components, 
and a section with a radio control unit. 
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Paxemei PC-2Y Ha ucmpebumenax-nepexsamuuxax Mul-1911M u Cy-9 
RS-2U missiles on MiG-19PM and Su-9 fighter-interceptors 
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. Paxema PC-2Y nod Kpsinom ucmpeumena Mul-21N 
RS-2U missile under wing of P fighte 


. Xeocmosoil omcex paxeme! PC-2Y 
ail section of RS-2U missile 
juoaspbiaamens paxemi PC-2Y 
‘adio fuze of RS-2U missi 
4,5. Paxembi PC-2Y, Komopbimu soopymanuce 
ucmpe6umenu-nepexaamyuxu Muf-1911M 
RS-2U missiles for MiG-19PM fighter-interceptors 
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ApuaynonHan ynpaBnsemaa paketa K-6 


K-6 air-to-air guided missile 


BHayMOHHAA ynpasnaeman paketa 
K-6 npeqnasHayena ANA nopakeHua 
Pa3nM4HbIX CpeACTB BO3AYWHOTO Ha- 
nafeHua, npexkge scero camonetos 

CTpatermyeckoii 4 TaKTHYeCKON aBMauMn. 
Paketa K-6 — ogvoctynenyatan, Bbi- 

NonHeHa NO HOpManbHO a3poAnHamMyec- 

Koi cxeme, C KpecToo6pa3Ho pacnonoxkeH- 

HbIMM KPbIAbAMM M pynamn. CrapT pakeTbi — 

C Hanpasnaiwowen Gankn camoneTHoi nyc- 

KOBOM ycTaHoBKH. Ynpasnenue ee noneToM 

v HaBemeHne Ha Yenb OCyueCTBAAeTCA NO 


Pa@MoKomalgam CamoneTHOH CTaHyMM Ha- 
Begenua. Mogptis 6oesoh 4actw npoucxo- 
AMT Npw nognete K Yenn no KoMaHAe pa- 
Amos3pbigatena. 

Paxeta K-6 coctont m3 pafa OTCeKOB, B 
KOTOpbIx pacnonoxeHbi: Goesan YaCTb C 
PaAMONOKayMOHHbIM B3pbIBaTeNeM, Teep- 
AoTonnMBHbIi ABMraTenb C AByMA GoKOBbI- 
MM COnnaMM, PyAM, pyneBble MaWMHKH, BO3- 
AYWHbIi aKKyMynATOp AaBneHHA M aNnapa- 
Typa ynpasnenua. 


he K-6 air-to-air guided missile is 
intended to engage various air 
attack means, primarily strategic and 
tactical aircraft. 
The K-6 is a single-stage missile employ- 
ing a normal aerodynamic configuration 
with cruciform arrangement of wings and 
fins. The missile is fired from an aircraft's 
missile launcher guide. The missile’s flight 
path control and guidance are accom- 
plished via commands from an aircraft 
guidance radar. The warhead is detonated 


‘in proximity to the target by a command 
from a radio fuze. 

The K-6 consists of a number of sec- 
tions housing a warhead with a radar fuze, 
a solid-propellant engine with two side 
nozzles, fins, a wing actuator assembly, an 
air-propellant gas generator and control 
equipment. 
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1,2. NempeGumens Muf-19 c pakemamu K-6 
MiG-19 fighter equipped with K-6 missiles 
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ApuauvonHaan ynpaBnaemaa paketa K-6B 


K-6V air-to-air guided missile 


ofepHH3aynA paketb! K-6. OcHos- 
Hoe HanpaBneHve MogepHH3aynn — 
PacwimpeHve Avana30Ha BbICOT 
npwmexeuna. 
Paketa K-6B — oguoctynenyaraa, Bbinon- 
HeHa NO HOpMaNbHO a3spoqnHamuyeckon 
cxeme, C KpecToo6pa3Ho pacnono»xkeHHbiMH 
Kpbinbamu # pynamu. Crapt pakeTbl — c Ha- 
Npasnsaiowen Ganku camoneTHod nyckoBoh 
yctaHosku. Ynpasnenue ee nonetom  Ha- 
BefeHne Ha Yenb OcyulecTBnAIOTCA NO pa- 
AMOKOMaHAaM CaMONeTHOM CTaHuMK HaBe- 


AeHua. Noppeis Goesoh yactw npoucxoguT 
np nognere K yenw no KoMaHge paquo- 
e3pbisarena, 

Pakera K-6B coctomrt m3 paga oTceKos, 
8 KOTOPbIX pacnonoxeHbI: GoeBaA YaCTb C 
PaAMONOKayMOHHbIM B3pbIBaTenem, TBep- 
AOTONAMBHbIN ABMraTenb C AByMA GoKOBEI- 
Mu Connamn, pynu, pynesbie MalMHKM, BO3- 
AywHbIi akKyMynaTOp AaBNeHMA HM annapa- 
Typa ynpasnexna. 


he K-6V is a modernized version of 
the K-6 missile. The modernization 
was aimed at widening the altitude 
range. 
The K-6V is a single-stage missile employ- 
ing a normal aerodynamic configuration 
with cruciform arrangement of wings and 
fins. The missile is fired from an aircraft's 
missile launcher guide. The missile’s flight 
path control and guidance are accom- 
plished via commands from an_ aircraft 
guidance radar. The warhead is detonated 


in proximity to the target by a command 
from a radio fuze, 

The K-6V consists of a number of sec- 
tions housing a warhead with a radar fuze, 
a solid-propellant engine with two side 
nozzles, fins, a wing actuator assembly, an 
air-propellant gas generator and control 
equipment. 
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1. Paxema K-6B 8 mysee MKB “®axen 
K-6V missile in Fakel's Museum 

2. Kpeinveaod 6nox paxemsi K-6B 
Wings unit (K-6V missile) 

3. Mcmpeument-nepexeamuux H-75 c paxemanu K-6B 
1-75 fighter-interceptor equipped with K-6V missiles 
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Apuayuouuble ynpaBnaembie paketbi B-148 u B-155 (npoekt) 


V-148 and V-155 air-to-air guided missiles (project) 


BMaMOHHbIe ynpaBnnembie pakeTbl 
B-148 wv B-155 npequasHayenb! ANA 
NopaXkeHMA pa3NM4HbIx CpeACTB BO3- 
AywHoro HanageHna, 8 TOM Yucne Ca- 

MoneTos cTpaternyecko mM TaKTMYeCKOR 

aBna\nn, a TakKe pakeT BO3AyWHOrO 6a3H- 

POBaHMA — B WHPOKOM AMana3zoHe ycnoBHit 

ux Goesoro npumeHeHna. 

Paxerbi B-148 w B-155 — ognoctyneH- 
YaTbIe, BbINONHEHbI NO HOpMaNbHON a3po- 
AMHaMMY4eCKOH cxeme, C KpecToobpa3Ho 
PacnonoxXeHHbIMH KpbiNbAMM MW pynAMH. 
Crapt paker — c Hanpasnaiowel Gankn ca- 
MoneTHOM nyckOBOl ycraHoBKH. Ynpasne- 


Hive noneTom mM HaBefeHne Ha Yenb ocyue- 
CTBNAETCA C NOMOWbIO NONyaKTHBHON ro- 
AOBKM CaMOHaBeReHHA. 

Pakerbi B-148, B-155 ocHaweHbI KHA- 
KOCTHOM ABMraTeNbHOM yCTAaHOBKOH, BKNIO- 
yaioujel 8 ce6A OAMH MapweBbii MW YeTbIPe 
pyneabix KP. KonctpykTHBHO KaKqan pa- 
KeTa COCTOHT M3 PAfa OTCeKOB, B KOTOPLIX 
PacnonoxeHbi: nonyaktuBHaa ICH, boesan 
yactb, 6nok 6optosom annapartypbi, 6akn 
 KOMMOHEHTaMM TONAMBa, KMAKOCTHBIC 
PakeTHble ABHratenn, arperaTb! ynpasne- 
HMA pynAMM pakerTel M pynesbimn KPI]. 


he V-148 and V-155 air-to-air mis- 

siles are intended to engage various 

air attack means, including strategic 

and tactical aircraft, as well as air- 
based missiles in a wide range of their 
combat use. 

The V-148 and V-155 are single-stage 
missiles employing a normal aerodynamic 
configuration with cruciform arrangement 
of wings and fins. The missiles are fired 
from the aircraft's missile launcher guide. 
The missiles’ flight path control and guid- 
ance are accomplished by a semiactive 
homing head. 


a 


The V-148 and V-155 missiles are fit- 
ted with a liquid-propellant rocket engine 
assembly that includes one cruising 
engine and four control liquid-propellant 
rocket engines. The missiles consist of a 
number of sections housing a semiactive 
homing head, a warhead, onboard equip- 
ment units, tanks with fuel components, 
liquid-propellant rocket engines, wing 
actuator control units and liquid- 
propellant rocket engine control units. 
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Paxembi B-148 u B-155 wa ucmpe6umenax-nepexeamyuxax Ty-148 (asepxy) u Mul-25 
V-148 and V-155 missiles on Tu-148 (top) and MiG-25 fighter-interceptors 
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3ona nopamenna, KM 
Target engagement zone, km 


No AansHocTH 


Hassanne Designation 


range 


XapakTepUcTHKM aBMAMOHHbIX paket Knacca “BO3AYyX-BO3pyXx” 


Air-to-Air Missiles (Basic Characteristics) 


fo Bicore 


altitude 


5 = 


Maxcnmanbian Macca paxers, xr | Macca Goesoi wacru 
ickopoct nopamaemon pagers, Kr 
enn, «m/4 


Max target speed, | Missile weight, kg | Warhead weight, kg 


km/h 


AameTp 


diameter 


Paamep paxerss, 
Overall dimensions, m 


pasmax xpbinbes 
(cra6unnsaropos) 


wing (fins) span 


0.7 - 16 


no/up to 16 


no/up to 22 


no/up to 250 


0.05 - 45 


no/up to 120 


0.05 - 45 
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PakeTbIi ee 
ana cuctem [PO 


Missiles 
for the ABM Systems 


Pa WcnonbsoBaHnA GannucTH4eckHx 

paket fanbHero gelicTeua B BOCHHDIX 

yenax, Ha¥aBulancAa C NepBbix 3anyc- 

KoB HemeuKHx MAY-2, HanpaBneHHbix 
Ha JIOHAOH, OAHOBpeMeHHO BbiBeNa B pa3- 
Pag aktyanbHbIx w 3aqa4y Sopbbel c 3THM 
HoBbIM BMgom opyxua. {na CCCP otnpas- 
Ho TOYKO B 3TOM paboTe cTano noaBne- 
He nepBbIx 3eHMTHbIX pakeT M COOTBETCT- 
BYIOLWX HayYHbIX HW KOHCTPyKTOPCKHX Op- 
raHw3zayni, KOTOpbiM Moro GbiTb nopyye- 
HO peweHve Takod 3aqa4u. Crumynom pana 
Ha¥ana paboT nocnykuno HanpasneHHoe 
PykKosoacTsy crpaHbi 8 asrycte 1953 ropa 
NMcbMo Cem Mapwanos CoBercKoro Cow3a, 
B KOTOpOM 6bina H3noKeHa Npocbba pac- 
CMOTPETb BO3MOMKHOCT CO3AAaHMA B CTpaHe 
cpegcrs npoTHBopakeTHO O6opoHbi. 

Hecmotpa Ha BClO HOBM3Hy M CNOK- 
HOCTb 3afa4M, CKenTHYeCKOe OTHOWEeHHE K 
He MHOrMX BUAHbIX yYeHbIx (“CTpenATb 
pakeToi no pakete — 3TO Takaa Ke My- 
Noctb, Kak CTpenaTb CHapagoM no CHapA- 
fay”), 3a ee pewenne B3anacb B 1953 rony 
rpynna monopbix y4eHbix-paspaborunkos 
KB-1 B80 rape C AOKTOpOM TexHM4eCKHx 
Hayk [.B. KucyHbko. Onn nposenn pag oc- 
HoBONOnaraioMMx TeopeTM4ecKHx Mccne- 
AoBaHni, CBAZAHHbIX C opMMpoBaHHem 
Heo6xoqumoro O6bema cpepcts W O6nuKa 
3KCNePMMeHTANbHON NONMrOHHOH CHCTeMbI 
TIPO, npequa3HayeHHow Ana nposegeHna 
HatypHol oTpa6oTkM nopakeHnA BxogA- 
WMx B ATMOCHhepy OAMHOYHBIX rONOBHEIX 
wacte Gannuctuyecknx paket npoTMBopa- 
KeTaMM C OCKONOYHO! Goes! YacTbWO. 

17 asrycta 1956 roga 6bino BbinyweHO 
Pa3eepHytoe Moctakosnenne Coseta Mu- 
Huctpos CCCP, KoTopoe caHKyMoHMpoBano 


Ha4ano nonHOMacwTabHbIx pa6oT no Tema- 
THKe NpoTHBOpakeTHOM OGopoHbI M onpe- 
Aenano ucnonHuTeneli, a TakKKE CpoKM CO- 
3faHMA 3KCNepMMeHTaNbHOrO KOMNneKca 
11PO - cuctembi “A” 4 npotHsopakeTHoro 
nonwroxa. K 3TOMy MOMeHTy CneyManncTeI 
yoke NpoBenh NOMCK MeCTa BO3MOXKHOTO 
PacnonoweHuA nonuroHa, HaYanoct npo- 
exTuposaHue ero o6vektos. Mectom ana 
oTpa6orkH cpegcts npotwsopakeTHoii 
o6opouti crana nyctbinA Betnak-lana, 3a- 
naguee o3epa Banxaw. 

B coctas cuctembi “A” Bownn cnepyio- 
Wwe OCHOBHbIe CpeActsa: paanonoKaTop 
AanbHero oGHapyxkeHnn Gannuctuyecknx 
yeneit (“[yxaii-2”); tp paqnonokatopa 
TOYHOFO HaBeAeHMA, KAKAbI M3 KOTOPbIX 
COCTOAN M3 PaAMONOKAyWOHHbIX KaHaNOB 
w3MepeHMa KOOpAMHaT YenK HW KOOpAMHaT 
NporwpBopakerbl; panMonokayMonHaa CTaH- 
YMA BbIBOAA NPOTMBOpAKeTI; CTAHUMA Ne- 
peja4n KomaHg ynpasneHua Ha GopT npo- 
TMBOpAaKeTbI; MaBHblii KOMAHAHO-BbIYHC- 
AMTeNbHbIA NYHKT, COCTOAWMK H3 KOMAHA- 
HOFO MYHKTa WM 3NeKTPOHHOM YMposon 
BbINMCAMTENBHOM MaWMHbI ynpaBneHna. 
Bce 37m cpeacrea, pacnonoxkeHHbie Ha 3Ha- 
4ATENbHBIX PACCTOAHMAX APyr OT Apyra B 
pa3nn4tbix TouKaX nycTbiHM Betnak-fjana, 
6binw cBAzaHbI MexKAy CObOK paqnopeneii- 
HOM CMCTeMOM CBA3K WM Nepefain AaHHbIX, 
4To o6ecne4nBano BO3MOKHOCTS ynpaBne- 
HMA BCEMM CpeACTBaMM 3KCNepKMeHTanb- 
Horo KoMNAeKCa C noMoWbiO IBM Cc Ko- 
MaHAHO-BBINMCAMTeNbHOFO NyHKTa B eAn- 
Hom 60e80m unre. 

Mpotusopaketa B-1000, co3qaHHan B 
MKB “®aken” ana wcnonb30BaHua B COcTa- 
Be cuctembt “A”, oTnm4anact Oco6oii TexHH- 


he era of employment of the long- 

range ballistic missiles for military 

purposes, which began with the first 

launches of the German V-2 targeted 
at London, simultaneously put forward the 
important task to engage such types of 
weapons. As for the USSR, the elaboration 
of the first AD missiles and the setting up 
of related research and design institutions 
capable of solving this problem became a 
starting point in this field. In August 
1953, seven Marshals of the Soviet Union 
sent a letter to the Soviet Government 
requesting to consider the perspectives 
for the development of ABM systems in the 
USSR. It gave an impetus to the activities 
in this field. 

Despite the novelty and complexity of 
the task as well as the skeptical attitude of 
many outstanding scientists towards it 
(“launching a missile at a missile is the 
same nonsense as firing a shell at a shell”), 
a group of young scientists-designers of 
the Design Bureau #1 (KB-1) headed by 
G. Kissunko, Doctor of Sciences (Techno- 
logy), took up the solution of the problem 
in 1953. They carried out several funda- 
mental analytical investigations to esti- 
mate the necessary volume of equipment 
and the layout of an experimental ABM 
range system intended for field tests on 
the engagement of single warheads of bal- 
listic missiles entering the atmosphere by 
anti-missiles equipped with a 
fragmentation warhead. 

On August 17, 1956, the USSR Council 
of Ministers issued a detailed resolution 
authorizing the beginning of full-scale 
activities in the field of the ABM defense 


and appointing the executors. The resolu- 
tion also set the terms for the 
development of the experimental “A” ABM 
system and antimissile testing ground. By 
that time, the experts had already found a 
place for the proposed testing ground, and 
began designing its installations. The 
Betpak-Dala desert to the west of the 
Balkhash lake became the place for testing 
the ABM means. 

The “A” system comprised the 
following main components: an ABM long- 
range acquisition radar (Dunai-2); three 
precision guidance radars, each comprising 
radar channels for measuring the coordi- 
nates of the target and antimissile; an 
antimissile guidance radar; an antimissile 
control radar station; main command and 
computation center consisting of a com- 
mand post and a digital control computer. 
All these assets located at significant dis- 
tances from each other in different parts 
of the Betpak-Dala desert were intercon- 
nected by a radio-relay communication 
and data transmission system that ensured 
computerized control of the entire experi- 
mental system from the command and 
computation center in a unified combat 
cycle. 

The Fakel-developed V-1000 ABM mis- 
sile intended for employment with the “A” 
system was exceptionally sophisticated 
from the point of view of technology. It 
was a two-stage missile with a solid- 
propellant engine and a guided second 
stage with a liquid-propellant engine. The 
anti-missile had an average flight speed of 
1000 m/s, and its control system allowed 
intercepting targets at an altitude of up to 
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yeckoh HoBM3HOM. B-1000 npegctasnana 
co6oli AByxctynen4atylo pakety c TeepAo- 
TONNMBHbIM YCKOpHTenem uM ynpaBnaemoh 
BTopow crynenbio c KPI. CpeqHaa cko- 
pOcTb noneTa npoTuBopakeTb! CocTaBnana 
1000 m/cex, a ee cuctema ynpasneHna 
No3BoNANa OCyl\eECTBNATb NepexBaT YeNn 
Ha BbicoTax Ao 25 KM. Baugy CKopoTe4Hoc- 
TM npoyecca nepexsata Goesbix ronoBok 
GannuctuyeckHx paket, HEBO3MO)KHOCTH 
BMeWATeNbCTBa B ITOT NPOWeCC YeNOBeKa, 
a Tak)Ke M3-3a BLICOKMX TpeboBaHMii K TOY- 
HOCTM HaBeAeHMA BECb NPOUeCC NepexBaTa 
6bin NONHOCTbIO aBTOMaTH3MpoBaH M 6a3u- 
Posanca Ha MCcnonb30BaHMn YMdpoBoi 
3NEKTPOHHO-BbINMCNMTeENbHON TEXHMKH. 


Ana nposenenua HatypHbIx McnbiTa- 
HMA CHCTeMbI HaBeAeHHA NPOTMBOPAKeTbI 
B-1000 8 coctase cpegcte cuctembi “A” 
6bina paspa6otaHa HOBaA TexHONOrHA, OT- 
Beyaioujan Gonbwo cnoxHOCTM 3TOrO 
Komnnekca. Tak, NOMMMO. TPaQMUMOHHbIx 
AIA 3EHMTHbIX PaKeT ABTOHOMHBIX NYCKOB C 
WCNONHeEHMeM KOMAHA, NOCTYNAWUMX OT 
60ptoBoro nporpammHoro ycTpoucTsa, 
NYyCKOB B 3aMKHYTOM KOHType ynpaBneHHA 
fo ycnosHoh mM peanbHbim yenam, Obinn 
npenycmotpexbi w nycku B-1000: 

— B pa3OMKHYTOM KOHType ynpaBneHHA 
No CTyNeH4aTbiM KOMaHAaM, NepepaBaembim 
Ha Gop pakerbi no paquonunun oT IBM; 

— B 3aMKHYTOM KOHType ynpaBneHMA no 


25 km. Due to the highest speed of inter- 
ception of ballistic missiles’ warheads, 
impossibility of human interference in this 
process, as well as to high requirements 
set for the guidance accuracy, the whole 
interception process was entirely auto- 
mated and employed digital computer 
facilities. 

To execute field tests of the V-1000 
antimissile’s guidance system 
incorporated with the “A” system, a new 
technology matching the complexity of 
the entire “A” ABM system was developed. 
Thus, along with the standard autonomous 
launches of the AD missiles via commands 
from the onboard program device and the 


closed-circuit launches against hypotheti- 
cal and real targets, the following 
provisions were made for the V-1000 
launches: 

- open-circuit control via radio step 
commands transmitted by the computer to 
the missile; 

— closed-circuit control via the preset 
aiming and guidance paths, simulated 
launches of a computer-imitated ABM mis- 
sile against a real target in the system’s 
combat cycle. 

Inclusion of the additional intermedi- 
ate phases in the field tests allowed the 
specialists to fully implement the princi- 
ple “from simple to complex”, which is a 
characteristic feature of the most effec- 
tive methods aimed at the improvement of 
sophisticated engineering systems. 

Experiments on engaging the ballistic 
missiles’ warheads began in November 
1960. An outstanding result was achieved 
on March 4, 1961, when for the first time in 
the world a V-1000 missile’s fragmentation 
warhead destroyed a R-12 long-range 
ballistic missile’s warhead. This is the mes- 
sage sent by the test experts to the head of 
the Communist Party and the government: 


CIPHERED TELEGRAM. TOP SECRET. 
COSMIC. Moscow, Presidium of the Central 
Committee of the CPSU, to comrade 
Khrushchev N.S. 

We are reporting that on March 4, 1961, 
the R-12 ballistic missile fitted with a test 
mockup (a steel plate weighing 500 kg) 
instead of its organic warhead was launched 
from the State central testing range of the 
Ministry of Defense to the “A” testing range 
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@UKCMpOBaHHbIM TpaeKTOPMAM BbIBOAa 
HaBeneHnA, MOgenbHble nycKM nporpam- 
MHO peanw3oBaHHoro Ha JBM MMuTaTOpa 
npotwBopakerbi no peanbHo yenn B 6oe- 
BOM UnMkne KOMnneKca, 

Bsog qononkuTenbibix npomerkyTo4- 
HbIX 3TANOB HaTypHbIX MCNbITaHHit NO3B0- 
Mn 8 NONHOK Mepe peann3oBaTb NPHHYMN 
“oT npocToro K cCho»wKHOMy”, NpHCyuMi HaH- 
Gonee acdextusHom meToAonorMn oTpa- 
GOTKM CHOMKHbIX TEXHM4eCKHX CHCTEM. 

3kcnepHmerTbl no nopaxkeHnio Goero- 
NoBok GannucTmyeckwx paket HayaNCb B 
Hon6pe 1960 roga. A yxe 4 mapta 1961 ro- 
fa Bnepsbie B MUpe OCKONOYHON GoeBoH 4a- 
cTbio pakerb! B-1000 Gein yHn4ToxKeH 6oe- 
Bol 6noK GannucTuyeckoh pakeTbi AanbHe- 
ro jevicteua P-12. Bot kakoe nocnaHme Ha- 
npaswnu rase napTHn uM NpaBuTenbcTBa MC- 
nbiratenn: 


WMOPOTENIEFPAMMA. COB. CEKPETHO 
OCOBOM BAMKHOCTH. Mocksa, Mpesuduym 
UK KNCC, mos. Xpywesy H.C. 

Aoxnadbisaem, ymo 4 mapma 1961 20- 
a @ patioh nonueoxa “A” c focydapcmeen- 
Ho20 YeHmpanbHo2o nonu2oHa MuxnoGopo- 
HbI Oba 3anywena Gannucmuyeckaa pake- 
ma P-12, ocHaweHHaa emecmo wmamHou 
6oesoil yacmu ee BecosbiM MaKemOM 6 BU- 
de cmanbHou nnumbi Becom 500 Ke. Cped- 
cmeamu cucmeme! “A” yenb 6bina o6Hapy- 
kena Ha GanbHocmu 1500 KM nocne Bbixo- 
Oa ee Had paduozopu3z0oHmom. fo GaHHbIM 
paduonoxamopa “{yxaii-2" yeHmpanbxaa 
BbIyucCnUMeNbHaA MaWUHa Nocmpouna u 
HenpepbieHo ymoyHAna mpaeKmopuw ye- 
‘Au, ebi@agana yeneyKasaHUA paduonoKa- 
mopam mo4Hozo HaBedeHuA, paccyumana u 


gbidana Ha nyckKoable ycmaHoBKU yenbI 
npedcmapmossix pazsopomos, paccyuma- 
‘a momeHm nycka. Mo KomaHGe IBM 6bin 
npou3eedex nyck npomusopaxemb! B-1000 
¢ nyckosou ycmaxosku N21, Ha ebicome 
25 km no KomaxHde c 3emau om IBM 6vin 
npou3zeedeH nodpbie ocKonoyHo-pyeacHou 
6oesoi vacmu npomusopakempi, nocne 4e- 
20, no GaHHbiM KuHOmomopeeucmpayuu, 
2onosHaa Yacmb Gannucmuyeckou pakemb! 
Havana pazeanusamecAa Ha KYCKU. Takum 
06pa30m, snepabie 8 omeyecmeeHHod U MuU- 
poso npaxmuke npodemoncmpuposano 
nopaxexue cpedcmeamu IPO zonosxol 4a- 
cmu 6annucmuyeckol pakembi Ha mpaek- 
mopuu ee nonema. 


B panbHetwem ewe B AecaTH nycKax 
G6bino ocywjectBneHo aHanorm4Hoe nopa- 
meHne Goesbix Gnokos Gannuctuyecknx 
paxer P-5 uw P-12. 

YenewHbie pesynbTatb! MCnbITaHHiN CH- 
crembi “A” no3Bonunn yxKe B MiOHE 1961 ro- 
fa 3aBepwHTd paspabOTKy HM BbINYCTHTb 3C- 
KM3HbIA NpoOeKT GoeBOH OAHOIWeNOHHOA 
cuctembi MPO A-35. Ee paspaborka senacb 
Bbigenvewnmca 43 KB-1 Konnextnsom OKB 
“Boimnen” (8 janbHeiwem HAM pagnonpo- 
MbIJNEHHOCTM) MOA pykKOBOACTBOM reHe- 
PanbHoro KoHCTpyktopa [.B. KucyHbKo, a 
Ha 3Tane ee MomepHH3ayMn — Nog pykoBoA- 
cT8OM rnaBHoro KOHCTpykTopa Mf]. Omenb- 
yeHKo. A-35 npeqHa3Hayanace ANA 3all\M- 
Tb Mocksbl OT OAHOM-AByX MOHOGNOYHEIX 
M@KKOHTMHEHTANbHBIX 6annuctmyeckux 
paker Tuna “TwTaH-2” w “MuHutTMeH-2” — 6 
BePxHMXx CNOAX AaTMOCHepbi M BHE ee. 

Pa6orbi no npoekTMpoBaHnio cpepcTe 
cuctembl A-35 6binw Hayate! B anpene 


Nepexeam 6oezonosxu paxemes P-12 npomusopaxemod B-1000. MAmepsan mexdy Kadpamu 5 mcex. 
Interception of R-12 ballistic missile’s warhead by V-1000 ABM missile. Time lag between shots is 5 msec 


area. The target was detected by the 
system means at a distance of 1500 km 
after emerging above the radio horizon. 
Basing on the Dunai-2 radar data, the cen- 
tral computer detected and continuously 
tracked the target's path, transmitted target 


designation data to precision guidance 
radars, calculated and laid pre-launch 
angles of the launchers, and computed the 
launching moment. Upon the computer 
command, the V-1000 ABM missile was fired 
from the launcher #1. Upon the ground 
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1958 roga Vv Ha KadKOM M43 3TaNOB BbINONHeE- 
Hua OTpaxann 6bicTpo MeHABLIMeCA B NpO- 
\yecce 3KcnepvmeHTos c cucTemoii “A” B3rma- 
{bl CheyMaNMcTos Ha ee Tpebyembili CocTaB H 
xapakTepucTHk. OQHMM 3 TaKMx 3TanoB 
cTana 3auyuTa 3CKM3HOrO NpoekTa Ha CHCTe- 
my A-35 oceHbio 1962 roga. B coorsetcraun 
C HMM B COCTAB CMCTeMbI AOMKHbI ObINM BOl- 
TH KOMAHAHbIM NYHKT, BOCeMb pagnonoKayH- 
OHHbIX CTAaHUMi, OBpasyiownx KpyroBoe no- 
ne o6Hapyxenua, M 32 cTpenb6osbix KOM- 
fnexca c npoTMsopaketamu 5B61, 

31M npoTHBopakeTsi, cosqasaBuinecn, 
Kak 4 B-1000, 8 MKB “®aken”, 3HayuTenb- 
HO OTAM4ANMCb MNO BHEWHeMYy BHAY, MNO 
CBOMM 6oeBbiM BOSMOXKHOCTAM OT B-1000. 
OqHum v3 OCHOBHEIX OTAM4HA 5B61 Crano 
MCNOnb30BaHHe B MX COCTaBe AREpHON Go- 
esol yactu, 

27 okta6pa 1961 roga, 22, 28 oxtabpa 
W 1 HoR6pA 1962 ropa c YenbiO M3yyeHHA 
BO3MOKHOCTH MCNONb30BAHKA NOAOGHbIX 
Goesbix 3apAgqoB B CocTase npoTMBopaKe- 
Tb! 6biN0 NpoBeAeHO NAT’ 3KCNepHMeHTOB 
nog o6o3Ha4eHvem “K”, B npoyecce KoTO- 
PbIx Ha BbiICoTax oT 80 Ao 300 KunomeTpoB 
Hag NONMrOHOM OCyWeCTBNANCA noppbiB 
aepHbix 3apagos. B atwx 3KcnepumeHTax 
BbIACHMNOCb, TO BbICOTHBIE ApepHbIe 
B3pbIBbI HE BbI3BANM KAKMX-NHGO Hapywie- 
Hui B paGore cpencts cuctembi “A’. 

B MKB “®aken”, npuctynue kK npoekTu- 
poBaHnio pakerbl 5B61, 6eictpo npuwau K 
BbIBOAY O TOM, 4TO HOBYIO pakeTy HeBO3- 
MOXKHO CO3faTb, MCnONb3yA Te Ke TEXHH4e- 
CkMe NpepNocbinkH, YTO MW NpH CcospaHHM 
B-1000. {[na HoBod npotuBopakert! Tpe6bo- 
BanMch HoBbIe ABMraTenn — C MeHbWel 
maccoi m ayywel 3HepreTMKOH, HOBbIe 


NpwHUMNeI NOCTpoeHMA TpaeKTOpHH none- 
Ta, NPM KOTOPbIX 3HAYMTENBHO CHWDKANOCE 
a3poAMHamuyeckoe conpotuBneHve. Mpn- 
meHeHHe B CucTeme A-35 agepHoro CHapa- 
»KEHMA NO3BONMNO OCyW\ECTBAATb NepexBat 
yenei npoTusopakeTamu He TONbKO Ha 
BCTpe4HbIX Kypcax (KaK B cMcTeme “A’), HO 
W Ha BCTpe4HO-nepecekaiouynxca. B pe- 
aynbtaTe 5B61 nony4yunacb abconwTHo He- 
noxoxkeit Ha CBO NpeAuecTBeHHHUy. 

Hapepenwe Ha \Yenb npotnBopakersi 
5B61 ocywjectenanocs KOMaHAHbIM MeTO- 
fom. Komakga Ha noapeis 6oesoh yacTn 
BbipaGarbiBanacb Ha 3eMne M Nepepasa- 
Nac Ha Gop pakerbi. Bnepsbie ana pewe- 
HWA 3ana4M Nepexeara CTOMb CHOMKHbIX Ye- 
nei Gbina co3aa M peanw3oBana cHcTema 
ynpasneHHA NpoAOAbHbIM ABHKEHHEM pa- 
KeTbI, 4TO OGecne4Mno ee NpHneT B TOUKY 
nepexsata C MMHMMaNbHbIMH pa3z6pocamn 
OTHOCHTeNbHO 3aQaHHOrO BpeMeHH BCTpe- 
4. [na atoro 6bin cospaH cneynanbHbiit 
KOHTyp perynmpoBaHMa TArM ABHraTenA 
npotwsopakersl, paspa6otahb! cooTeercT- 
ByloulMe anropuTMbI ynpaBneHuA. 

B pamkax co3qaHua cuctemb! A-35 6bin 
nposeneX pag paGot no cuHTe3y ontH- 
ManbHbix CHCTeM TeneHaBefeHHA NpoTHBO- 
pakerbi, No anropuTMam dbunbTpaynn M Me- 
Tomam HaBeneHnA. YCMMAMM HECKONKHX 
MHCTHTYTOB 6bina Co3qaHa CNoKHaA MaTe- 
MaTMyeckaA MOpenb CrpenbGoBoro KaHana 
cuctembt A-35 (“anekTpoHHbiit BbicTpen”) 
Ana McCAeQoBaHnA xapakTepMCTHK OTAeNb- 
HbIx NOACHCTeEM HW OWEHKH 3ccpeKTHBHOCTH 
cTpenb6b! 8 yenom. 

K 1967 rogy Ha nonuroxe 6bin pasBep- 
HyT 3KCnepHmeHTanbHbii OGpa3ey cucTe- 
mbt A-35 — “Angan”, ucnbitava KOTOporo 


computer command, the HE fragmentation 
warhead of the antimissile was initiated at 
an altitude of 25 km, and after that, accord- 
ing to the film recording data, the ballistic 
missile’s warhead began to disintegrate. 
Thus, for the first time in our country’s and 
world practice, an ABM missile destroyed a 
warhead of a ballistic missile within its 
flight path. 


During the subsequent ten launches, 
the warheads of the R-5 and R-12 ballistic 
missiles were similarly destroyed, 

Successful results of the “A” system 
tests allowed the experts to complete the 
development phase and to elaborate the 
conceptual design of the A-35 ABM 
monoechelon combat system by June 
1961. The development of the A-35 system 
was carried out by the Vympel Experimen- 
tal Design Bureau (subsequently, the 
Radio Industry Research Institute) that 
had separated from the Design Bureau #1. 
It was supervised by chief designer G. Kis- 
sunko, and later, during the modernization 
period, by chief designer I. Omelchenko. 
The A-35 system was intended for 
protecting Moscow from one or two single- 
block intercontinental ballistic missiles, 
such as the Titan-2 and Minuteman-2, in 
the upper atmosphere and outside of it. 

Project works on the A-35 system 
facilities began in April 1958, and every 
stage of the system’s development and 
testing brought about quick changes of 
views of the experts concerning the opti- 
mal composition and characteristics of the 
“A" system. The competition for a 
conceptual design of the A-35 system in 


the autumn of 1962 became one of such 
stages. According to this conceptual 
design, the system was supposed to com- 
prise a command post, eight radar station- 
S generating circle-type detection field, 
and 32 system launchers equipped with 
t h e 
5V61 ABM missiles. 

Like the V-1000, the 5V61 ABM 
missiles had been developed by the Fakel 
Engineering Design Bureau. They 
considerably differed from the V-1000 
both in exterior and in combat 
capabilities. One of the main differences 
was the possibility to fit the 5V61 with 
nuclear warheads. 

In 1961 (on October 27) and in 1962 
(on October 22, October 28 and November 
1), five code-named “K” tests were carried 
out to estimate the possibility of 
employing similar warheads in the ABM 
missile. During the tests, the nuclear 
charges were initiated at the altitudes of 
80 to 300 km over the testing ground. The 
tests showed that high-altitude nuclear 
explosions did not adversely effect the “A” 
system facilities operation. 

Shortly after the works on the 5V61 
missile had begun, the Fakel experts came 
to a conclusion that it was impossible to 
create a new missile using the engineering 
solutions that had been employed for the 
development of the V-1000. The new ABM 
missile required new engines (featuring 
smaller weight and increased power) and 
new principles of flight path design to 
considerably reduce the aerodynamic 
drag. The use of nuclear components in 
the A-35 system allowed intercepting 
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3aBepwMAMCh “YCNOBHLIMM” nepexBaTaMu 
ronoBHbix YacTei paket P-12 4 apyrHx, 6o- 
Nee copepwieHHbIx GannucTM4eckHx paker. 
VcnbitaHua nonvroxHoro KomnneKca 
cuctembi A-35 nogTBepAMnn npaBunbHocTb 
NPMHATBIX Hay4HO-TeXHMYeCKMX peweHnii, 
KoTopbie o6ecneynnu Goesoe dyHkKuMOHH- 
poBahve 3TO NONHOCTbIO aBTOMaTH3MpoO- 
BaHHOW CMCTeMbI MPM NopaKeHHW MOHO- 
6no4Hol Gannuctu4eckon pakerbi. Bnepsbie 
6oesan 3afjaya C peanbHbimMn nycKkamn Npo- 
TuBopaker WTaTHbIM GoeBbim pacueTom Obina 
BbinonHeHa 9 mioHA 1970 ropa, a 6 1971 ro- 
Ay ronoBHod KomnneKc cucTembi A-35 Goin 
NPMHAT B ONITHYIO 3KCNyaTayHio. 
Oguako k Hayany 70-x rogos oneperka- 


youve Temnbi co3qaHnAa GannnctMyeckHx 
PakeT Ha3emHoro WH MopcKoro Ga3MpoBa- 
Hua “Munutmen-3”, “Monapuc-A-37", “No- 
ceo C-3", ocHaujaswuxca MHOro3apAg- 
HbIMM FONOBHBIMM YaCTAMM, NoTpeboBanK 
Nposepekua cneywanbHoro aHanw3a BO3- 
moxkHocTel cucrembi A-35. Kak noka3ann 
ero pe3ynbTarTbi, nopadxkeHHe NoAoGHEIx Ye- 
nei B yCROBMAX NOMex MW NpHMeHeHMA KOM- 
Mnekca cpegcts npeogonexua MPO (Gonb- 
Woe KONMYECTBO NOKHBIX NerKHX M TAKE- 
AbIX YeENeH, CTAHWMM AKTHBHBIX NOMEX, MaC- 
Kupyiounx 6oesbie Gnokw Ha TpaeKkTOpMn 
wx noneta) cpeactsamn cucTembi A-35 6bi- 
NO HEBO3MOKHO. Benay 3Toro B 1977 roay 
Ha BoopyxeHHe 6bin NPMHAT TONbKO MO- 


targets by ABM missiles not only on the 
meeting course (as in the “A” system), but 
on the collision course as well. As a result, 
the 5V61 ABM missile was absolutely dif- 
ferent in comparison to its predecessor. 
The 5V61 was guided by commands. 
The warhead initiation command was gen- 
erated on the ground and transmitted to 
the missile. For the first time in the world 
practice, for intercepting such complicat- 
ed targets the missile longitudinal flight 
control system was developed and put into 
practice, ensuring the missile’s arrival to 
the interception point with minimum 
delay with regard to the preset time. To 
achieve such efficiency the specialists 


developed a special circuit of the ABM mis- 
sile’s engine thrust control and the 
corresponding control algorithms. 

Within the framework of the A-35 sys- 
tem development, works were carried out 
‘on the synthesis of optimal systems for 
the ABM missile TV guidance, on filtering 
algorithms, and guidance methods. Efforts 
of several research institutes resulted in a 
complex mathematic model of the A-35 
system's firing channel (“an electronic 
shot”) applied for the performance analy- 
sis of some subsystems and general esti- 
mation of the shooting efficiency. 

By 1967, the Aldan experimental 
prototype of the A-35 system was 
deployed at the testing ground, and the 
tests resulted in successful simulated 
interceptions of warheads of the R-12 mis- 
siles and other advanced ballistic missiles. 

The tests of the A-35 system prototype 
confirmed the accuracy of applied scien- 
tific and technological solutions that 
ensured combat efficiency of the entirely 
automated system in a monoblock ballistic 
missile engagement. The first operational 
launch of the ABM missiles was executed 
by the organic crew on June 9, 1970, and in 
1971 the first complex of the A-35 system 
was commissioned for operation testing. 

However, by the early 1970s, a high 
development rate of shipborne and 
ground-based ballistic missiles such as 
Minuteman-3, Polaris-A-3T, Poseidon S-3 
equipped with multiple warheads necessi- 
tated the special analysis of the A-35 
system capabilities. The results showed 
that the A-35 system assets were inca- 
pable of engaging such targets in condi- 
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AePH3MpOBaHHbIM BapMaHT CMcTeMbI — 
A-35M, KoTopan nony4ynna cnoco6HocTb 
nopakatb — c onpegeneHHbimn orpaHn4e- 
HuAMM — NopobHbIe CnorKHbIe GannucTH4e- 
ckwe yen. C 1978 ropa ona noctasnena Ha 
60eB0e AerkypctBo. 

B 1962 roy pykosogcrso crpaHbi MHU- 
4unposano pa6orbi no cosqaHnio CucTeMbI 
C-225, paspa6orka KoTOpod Benacb Kon- 
nextusom KB-1 nog pykosogcrsom rexe- 
PanbHoro KoHCTpyKTopa A.A. PacnneTwHa 
(a nocne ero cmepth 8 1967 roay — nog py- 
kosoactsom 6.B. ByHkuxa). Ona npegua3- 
Hayanacb ANA 3alMTbl Manopa3MepHbix 
o6bekTos oT HaneTa OfHOl-pByx Gannuc- 
TH4eCKMXx Yeneli HW BKMIOYaNa B CBO CocTaB 
PagnonokayMoHHyo craHynio C tazmpo- 
BaHHOM aHTeHHOW pewerKo Ana cnexKe- 
HMA 3a YeNbIO M ANA HaBeAeHKA NpoTHBO- 
paket, a TakKe CTaH\yMiO nepegayn Ko- 
mana. B MKB “@aken” cosqasanacb npotu- 
Bopaketa 5f27 ana ucnonb30BaHuA B CO- 
crape cucrembi C-225. 

B paketax cucrembi C-225 Gino npu- 
MeHeHO HeMaNO TeEXHMYeCKHx HOBWECTB. 
A\na Hwx nposenn pay uccneqosaHuii an- 
TOpuTMoB aTMociepHon ceneKynn Yeneit, 
@NrOpMTMOB BbIBOAA M ynpaBneHua, anro- 
PHTMOB ONTMMaNbHOA chunbrpayun. OgHO- 
BpeMeHHO C 3THM nNpoBoAMnace Hanpa- 
«eHHaA paboTa M Ha NonMroHe No Co3pa- 
Huo KOMNMeKCa MaTeMaTHYeCKHx mope- 
nei, npeaHasHayeHHbix ANIA NpemnyckoBo- 
ro W focnenyckosoro mopenuposaHua, 
OUeHKM TOYHOCTH HaBegeHua, O6ecneye- 
Hua 6e3onacHocTH nposegeHuA NeTHBIX 
vcnbitanMit. OAHaKo no paay NpM4HH B Ce- 
Pequue 70-x rogos pa3spaborka cuctembl 
C-225 6bina npekpawena. 


C yyetom onepexkaiowero pa3BuTuA 
cpeacrs HanapeHua uM CoBepwieHcTBOBaHMA 
Gannuctwyeckux paket 8 Ha4ane 70-x ro- 
os Gbinn pazsepHytbi pabors! no co3pa- 
HMO CHCTeMbI BTOporo nokoneHMA MPO 
Mocksbi (qyx3wenoHHan cuctema A-135). 
Ha3Ha4eHnem 3Toi Cuctembi 6bina rapaH- 
THpoBakHaa 3auMta MockoBcKoro npo- 
MbluweHHOrO paiiowa oT rpynnbi Gananc- 
THYECKMX pakeT M Hx BoeBbIx 6noKos. OHa 
NONHOCTbHO BNMCbIBANaCb B NONoKeHMA 
Aorosopa no MPO, nognucaHHoro mexkpy 
CCCP w CWA 8 1972 rogy. 17 espana 
1995 roga cuctema MPO Mockosckoro 
npombiuneHHoro paiiowa A-135 npunata 
Ha BoopyxKeHHe. 

B coctas cuctembi A-135 sxogut co- 
3gaHHan 8 MKB “@axen” npotwsopaKeta 
3aaTMoctepHoro nepexsara, npeqHa3Ha- 
YeHHaA ANA YHUYTOKEHHA GoeBbIx GnoKoB 
M@KKOHTHHEHTaNbHbIX OannucTH4ecKHx 
paker Qo Mx Bxona B aTMochepy. 

CosepweHcrsosanne pakeTHbix cpeqcTs 
Ana cuctem [PO segetca 8 HanpasneHnn 
CO3AaHMA BbICOKOTOYHEIX NpoTHBOpaKeT, 
WCnonb3yiou\Nx NPHHYMNbI CaMOHABEAeHKA 
uw GesbagepHoro nopaxkexua. C 3ToH Yenbio 
8 nocnepHne ropbl 6bin nposegeH Gonbwoh 
o6bem npoektHbix pa6oT no cHcTemam ca- 
MOHaBeAeHMA NepcnekTHBHBIX NPOTHBOpa- 
KeT, NO onpegeneHnio TpeboBaHnit K AMHa- 
MMYeCKMM XapakTepHCTHKaM MX 3NeMeHTOB 
v CHCTeM CaMoHaBefeHnA, NO OUeHKe TO4- 
HOCTM HaBeAeHMA M BEpOATHOCTH NopanKe- 
Hua Goestix 6noKos Gannuctuyeckux pa- 
ker. Pewe pag CnoxkHbIx npobnem M yHH- 
KanbHbIx 3afa4 HayKH, TEXHAKH MH Npon3- 
BOACTBA, He MMeloUyNx aHanoros B NpaKTH- 
Ke 60eB0i pakeTHO TexHUKH. 


tions of interference and employment of 
various anti-ABM means (numerous light 
and heavy decoys, active jamming 
facilities that concealed the warheads on 
their flight paths). That is why only a 
modernized version, the A-35M system, 
was adopted for service; it was capable of 
destroying, with some limitations, the 
complex ballistic targets. Since 1978, this 
system has remained on combat duty. 

In 1962, our country’s government 
initiated the works on the S-225 system, 
which was developed by the experts of the 
Design Bureau #1 headed by general 
designer A. Raspletin (after his death in 
1967, headed by B. Bunkin). The system 
was intended for defending small-size 
installations against the strikes of one or 
two ballistic targets and comprised a 
phased-array radar for target tracking and 
ABM missile guidance, and a command 
transmission radar. The Fakel Engineering 
Design Bureau developed the 5Ya27 ABM 
missile for employment with the $-225 
system. 

Missiles of the S-225 system boasted 
of many technological improvements. The 
experts studied the algorithms of atmos- 
pheric selection of the targets, steering 
and control algorithms, and optimal 
filtering algorithms. Simultaneously, the 
intensive work was carried out at the test- 
ing range to develop mathematical pat- 
terns for pre-launch and post-launch sim- 
ulation, estimation of guidance accuracy, 
as well as for providing the flight tests 
safety. However, in the mid-1970s, the 
development of the S-225 system was 
stopped due to some reasons. 


Taking into consideration the quick 
development of attack means and the 
modernization of ballistic missiles, in the 
early 1970s, the work on the Moscow ABM 
second-generation system (two-echelon 
A-135 system) was initiated. This system 
was intended for ensuring the defense of 
the Moscow industrial region against a 
group of ballistic missiles and their 
payload units. The system fully complied 
with the ABM Treaty signed by the USSR 
and the USA in 1972. On February 17, 
1995, the 
A-135 ABM system of the Moscow industri- 
al region was adopted for service. 

The A-135 system comprises a Fakel- 
developed exoatmospheric ABM missile 
intended for engaging warheads of inter- 
continental ballistic missiles before they 
reenter the atmosphere. 

Perfection of the ABM missiles is 
aimed at the development of the high- 
precision antimissiles employing the 
homing and conventional destruction 
principles. For this, several projects have 
recently been carried out dealing with 
homing systems for the ABM missiles; 
estimation of the necessary dynamic 
parameters for the missile components 
and homing systems; estimation of quid- 
ance precision and probability of engaging 
the ballistic missiles’ warheads. The 
experts have managed to solve a number 
of complex problems and unique scientific, 
technological and production tasks that 
have no analogs in combat missilery. 
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Cuctema “A”. Mpotusopaketa B-1000 


“K’ ABM system. V-1000 ABM missile 


potusopaxera B-1000 npeqHasHayeHa 

Ana nopaxkeHua GoeronosoKk Gannuc- 

Tu4eCKHX pakeT AanbHero pelicrenA, 

B-1000 npegctasnaet co60i pByx- 
cTyneHyatyio pakety, BbinonHeHHyW no 
HOpMaNbHOW azpoqMHamMyeckod cxeme. 
Crapt paketbi — HakKNOHHbI, C nycKOBOK 
ycTaHOBKM, HaBOAMMOl NO yrny M a3HMyTY 
mecta. YnpasneHue nonetom m HaBepeHue 
Ha \enb ocyllecTanawTcA no paqMoKo- 
MaHjaM, KoTOpbie nocTynaloT OT HazeMHOn 
cTaHynm HasegeHns. Nogpsis 6oesoi 
4aCTH NpOM3BO_MTCA NPM NoANeTe K YenH 
no KoMaHfe, noctynalowe oT HazeMHOA 


cTaHyMm HaBefeHua. Mepsan cryneHb 
B-1000 - TsepgoTonnueHHi pakeTHbih 
Aguratenb C yCTAHOBNeHHBIMK Ha HEM CTa- 
6unnzatopamn, BTOpan CTyneHb OcHaWeHa 
OKMAKOCTHOA ABMraTeNbHOH yCTaHOBKO C 
HacOcHOH CMCTeMOl nopa4M KOMNOHeHTOB 
Tonnvea 8 ABHratenb. KoHCTpykTHBHO 
mapuwiepaa ctyneHb B-1000 coctowt 3 
Pasa OTCeKOB, B KOTOPBIX pacnono»mKeHbi: 
6oesan 4actb, 6noKn Goptosoi annapaty- 
pbi, 6akv cC KOMNOHeHTaMM TONAMBA, KHD- 
KOCTHBIA pakeTHbI ABHraTenb, arperatel 
ynpagneHun pynamm pakeTbl, npHeMHUK 
KOMaHA ynpasneHna. 


he V-1000 ABM missile is intended to 
engage warheads of long-range 
ballistic missiles. The V-1000 is a 
two-stage missile employing a 
normal aerodynamic configuration. 

The missile is fired at an angle from a 
launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from a 
ground guidance radar. The warhead is ini- 
tiated in the proximity to the target by 
command from a ground guidance radar. 

The first stage of the V-1000 consists 
of a solid-propellant rocket engine with 


externally mounted stabilizing fins. The 
second stage is fitted with a liquid- 
propellant pump-feed engine. 

Structurally, the V-1000 sustainer 
stage comprises a number of sections 
housing a warhead, onboard equipment 
units, propellant tanks, a liquid-propellant 
engine, control surface actuators, and con- 
trol command receiver. 
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1. Mpomusopaxema B-1000 neped nyckom, okma6pb 1958 2. 
V-1000 ABM missile before launch, October 1958 


2,34. 


5,6. 


Cmapm npomueopaxems B-1000 

Launch of V-1000 ABM missile 
Namammux paxeme B-1000 4a nonuzone 
V-1000 missile memorial at a firing range 
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Cuctema CATYPH. Mpotusopaketa 20)”C” (npoext) 


Saturn ABM system. 20D”S” ABM missile (project) 


KoHYe 1950-x rogos B MKB “Maken” 

NposoAunuch paboTel no u3y4eHMIO 

BO3MOKHOCTH CO3AaHMA NepenBHiK- 

Horo KOMNNeKca npoTMBOpakeTHOH 
o6oponti “Catypx”. B pesynbtate npeg- 
NpwaTHe NpeANOKno Mcnonb30BaTb ANA 
otpa6orkw cpeqcts AaHHoro KomnneKca 
paxery 20])"C". 

Npotusopakera 20/\"C” npegctasnana 
co6oi gsyxctyneH4atyio pakery, Bbinon- 
HeHHyIO NO HOpManbHOM a3poAnHamuyec- 
Koil CXeMe, C yCTAHOBNeHHEIMK B NepeAHeit 
4actw pakeTbl fectabunnzatopamu. CrapT 
PakerTbi — HaKNOHHbIA, C NyCKOBOM yCTaHoB- 
KM, HaBOAMMOM NO yrny HW a3MMyTy MecTa. 
Ynpasnenue nonetom pakerbi m HaseneHne 
ee Ha Yenb NpeAnonaranoc’ ocywecTBnATe 
No paquokomahgam OT Ha3eMHOH CTaHuMK 


= 


Hasegennn. Ha KOHeYHOM y4aCTKe noneTa 
npeanonaranoct Mcnonb30BaTb CaMoHaBe- 
Aexne. 

Nepsan ctryneHt 20\"C” npeactasnner 
co60i TeepgoTonaMBHbli pakeTHbIi ABKra- 
Ten C yCTaHOBNeHHBIMM Ha HeM cTa6unn- 
3aTopamM; BTOpaA OCHAW\eHa KMAKOCTHOM 
ABMraTeENbHOK yCTaHOBKON C HaCOCHOM CH- 
Cremoii noga4m KOMNOHeHTOB TonnMBa B 
Asuratenb. KOHCTpykTMBHO MapwieBaA CTy- 
nex 20]\"C” coctowt w3 paga oTceKos, B 
KOTOpbIX pacnonoxeHbi: ronoBKa CaMOHa- 
BegeHua, Goesan yactb, 6noKn GoproBol 
annapatypbi, Gakw c KoMnOHeHTaMM TONAH- 
Ba, KMAKOCTHbIN pakeTHbIM ABMraTeNb, ar- 
peratbi ynpasneHwa pynamn pakerbi, npH- 
eMHMK KOMAHA ynpasneHna. 


A 
eT ee 


n the late 1950s, the Fakel Engineering 
Design Bureau studied the possibility 
of creating the mobile Saturn ABM 


system. Finally, the enterprise 
suggested that the 20D"S” missile be used 
for testing the system. 

The 20D"S" is a two-stage antiballistic 
missile employing a normal aerodynamic 
configuration with destabilizers arranged 
in the fore part of the missile. The missile 
is launched at an angle from a launcher 
laid in elevation and azimuth. The mis- 
sile’s flight path control and guidance 
were supposed to be accomplished via 
radio commands from a ground guidance 
radar. It was planned to use homing guid- 
ance at the final leg of the trajectory. 

The first stage of 20D"S” is a solid- 


propellant rocket engine with arranged 
stabilizing fins. The second stage is fitted 
with a  liquid-propellant pump-feed 
engine. Structurally, the sustainer stage of 
the 20D"S” consists of a number of sec- 
tions housing a homing head, a warhead, 
onboard equipment units, propellant 
tanks, a liquid-propellant rocket engine, 
missile control surface actuators and a 
control command receiver. 
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Cuctema CATYPH. Mpotusopaketa 5B21”C” (npoekt) 


Saturn ABM system. 5V21”S” ABM missile (project) 


KoHYe 1950-x rogos 8 MKB “®aken” 

Nposoauauct pa6orel no w3y4eHHio 

BO3MOKHOCTH CO3AaHMA NpoTHBOpA- 

KeT ANA nepeasMrxkHoro KOMNneKca 
nporMBopakeTHow oGopoHs! “CatypH”. B 
peaynbtate npeanpnaTue npe~noxkuno Mc- 
NONb30BAaTb B COCTABE AaHHOrO KOMNNeKCAa 
paxety 5B21°C”. 

Npotwsopakera 5B21"C” npegctasna- 
na co6oW pByxctynenyatyio pakety, Bbi- 
NOnHeEHHyO NO HOpManbHON aspoAMHamu- 
YeCKOM CXeMe, C YeTBIPbMA TpeyronbHbiMn 
Kpbinbamn Gonbworo yannHeHua. Crapt pa- 
KeTbI — HaKMOHHbIM, C NYCKOBOM ycraHoBKH, 
HaBoAMMoii no yrny  azMMyty MecTa. Ha- 
BepeHne pakeTbi Ha YeNb NpeAnonaranoce 
OCyleCTBNATb C MCNOAb3OBAaHMeM CCTeMbI 
CamoHasegeHua, 


flepsaa ctyneHb 5B21"C” npeqctasna- 
eT co6oii YeTbIpe TEePAOTONAMBHbIX ABMra- 
TeNA, YCTAHOBNEHHbIX Ha MapueBO CTyne- 
HM pakeTbl M@xKAY KpbiIbAMM. Bropaa CTy- 
MeHb OCHalleHa XHAKOCTHOM ABHraTenb- 
Hol yCTaHoBKON C HaCocHOl CucTemoii No- 
Aa4W KOMNOHeHTOB TONNMBa B ABHraTeNb. 
KoxctpyktHBHO = Mapwesaa = CTyneHb 
5B21”"C” coctout m3 pala OTCeKOB, B KOTO- 
pbx pacnonoxeHbl: ronoBka CaMoHaBene- 
Hua, 6nokn Goprosoi annapatype! ynpas- 
eHua noneTom paxerti, Goesan YacT, 6a- 
KM C KOMNOHEHTAaMM TONAMBa, KHAKOCTHBIA 
pakeTHblii ABMraTenb, arperatb! ynpasne- 
HMA pynaMH pakeTbl. 


n the late 1950s, the Fakel Engineering 

Bureau studied the possibility of creat- 

ing antiballistic missiles for the mobile 

Saturn ABM system. Finally, the 
enterprise suggested that the 5V21"S” 
missile be used as part of this system. 

The 5V21"S” was a two-stage missile 
employing a normal aerodynamic configu- 
ration, with four high-aspect delta wings. 
The missile is launched at an angle from a 
launcher laid in elevation and azimuth. 
The missile guidance was supposed to 
be accomplished via homing guidance 
system. 

The first stage of the 5V21"S” consist- 
s of four solid-propellant engines arranged 
in the sustainer stage of the missile, 
between its wings. The second stage is fit- 


ted with a liquid-propellant pump-feed 
engine. Structurally, the sustainer stage 
of the 5V21"S” consists of a number of 
sections housing a homing head, onboard 
missile flight control equipment units, 
a warhead, propellant tanks, a liquid- 
propellant engine and missile control sur- 
face actuators. 
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A-35. MpotuBopaketa 3aaTmocdepxoro nepexsata 5B61 


A-35 ABM system. 5V61 exoatmospheric ABM missile 


wr 


Se 


me I: hover | 9 DPT Wineredene 


potuBopaketa 3aaTmocdepHoro ne- 
pexsara 5B61 npeqva3HayeHa Ana 
yHuuTOxKeHHA Goesbix 6noKoB Mex- 
KOHTHHEHTANbHBIX GannucTH4ecknx 
pakeT Qo ux Bxona B aTMochepy. 
Mpotwsopaketa BbinonHeHa no AByx- 
cTyneHyaTow cxeme, C TeepgoTONAMBHOK 
AsMraTeNnbHOW ycraHOBKOH Ha NepBou CTy- 
NeHM MW KMAKOCTHOA pakeTHON ABUraTenb- 
Hoi ycraHoBKoli Ha BTOpoii cryneHn. CrapT 
pakeTbi — HaKNOHHbIM, M3 TpaHCnopTHO-ny- 
ckoBoro KOHTelHEpa. 


YnpasneHve nonetom npotHsopakert 
Ha aTmoctepHom y4acTke TpaekTopun no- 
feta OcyWeCTBNAeTCA a3pOAMHAMH4eCcKH- 
MM pynamu, a BHE aTMOCKepsI ynpasneHne 
NloneTom BTOpoi CTyneHH OCyWjeCTBAAeTCA 
XKMAKOCTHOM pakeTHOM ABMraTeNbHOA yc- 
TaHOBKON. 

Npotusopaketa 5B61 oGecneynsaet 
BbICOKYIO BEPOATHOCTb YHMTOKEHMA Goe- 
BbIX 6MOKOB MEXKKOHTHHEHTANbHBIX Gannn- 
CTM4ECKMX PakeT Ha 6bonbwux AaNbHOCTAX 
M BbICOTAaX. 


he 5V61 exoatmospheric ABM missile 
is intended to engage warheads of 
intercontinental ballistic missiles 
before they reenter the atmosphere. 
The missile employs a two-stage scheme 
with a solid-propellant engine for the first 
stage and a liquid-propellant rocket 
engine for the second stage. The missile is 
fired at an angle from a transporting- 
launching container. 
Missile flight control on the endoat- 
mospheric leg of the flight trajectory is 


accomplished with an aid of aerodynamic 
rudders. Outside the Earth's atmosphere, 
flight control of the second stage is 
effected by the liquid-propellant rocket 
engine. 

The 5V61 antiballistic missile ensures 
a high probability of destroying warheads 
of intercontinental ballistic missiles at 
long ranges and high altitudes. 
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1, 5861 Ha mpaxcnopmHo-sapamanwel mawuHe 
5V61 ABM missile on the transporting-loading vehicle 


2. Yemanoaexa paxemsi a nyckoayro ycmanoeky 


Loading a launcher 
3. Pakema na nycKosod ycmaHosKe 


5V61 ABM missile on the launcher 


4. Mycxosan ycmanosxa 
5V61 ABM missile launcher 

5. Cmapm npomusopaxembi 5861 
Launch of 5V61 ABM missile 

6. Mamamux npomusopaxeme 5B61 Ha nonuzone 
5V61 ABM missile memorial at a firing range 
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C-225. Mpotusopaketa 3aatmocdepxoro nepexsata 5127 


potuBopaketa 3aaTmociepHoro ne- 
pexsata 527 npequa3Hayena Ana 
yHnuTookeHna 6oesbix 6noKOB MeXK- 
KOHTHHEHTaNbHbIx GannucTHyeckHx 
paker 0 ux Bxopa 8 aTMociepy. 
Npotneopakera BbinonHeHa no AByx- 
cTyneHyaTow cxeme, C TBepAOTONAMBHOA 
ABuraTeNbHOK ycTaHOBKON Ha NepBon cTy- 
NeHM H KHAKOCTHOM pakeTHOH ABHratenb- 
HOM ycTaHOBKON Ha BTOpoH cTyneHH. CrapT 
pakerbi — BepTHKaNbHbIM, M3 TPAaHCnOpTHO- 
nyckosoro KoHTeliHepa. 
Ynpasnexuve nonetom npotMsopaKerei 
Ha aTMoctbepHoM y4acTke TpaekTopun no- 
eta OcywecTBnAeTcA a3poqnHamn4ecKn- 
MM pynamu, a BH aTMOChepbl ynpasneHne 
NoneTom BTOpOu CTyNeHH OCyWeCTBAAeTCA 
XKMAKOCTHOM pakeTHOM ABMraTeNbHO yc- 
TaHOBKOH. 


he 5Ya27 exoatmospheric ABM 

missile is intended to engage war- 

heads of intercontinental ballistic 

missiles before they reenter the 
atmosphere. 

The ABM missile employs a two-stage 
configuration with a solid-propellant 
engine for the first stage and a liquid- 
propellant rocket engine for the second 
stage. The missile is fired vertically from a 
transporting-launching container. 

Missile flight control on the endoat- 
mospheric leg of the flight trajectory is 
accomplished with an aid of aerodynamic 
rudders. Outside the Earth’s atmosphere, 
flight control of the second stage is 
effected by the liquid-propellant rocket 
engine. 
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A-135. Npotusopaketa 3aatmocepxoro nepexsata 5176 


A-135 ABM system. 51T6 exoatmospheric ABM missile 


potusopaketa 3aatmoctepxoro ne- 

pexeata 5176 npeavasHayeHa Ana 

yHuuToxkeHnA Goesbix Gnokos mexk- 

KOHTMHEHTaNbHbIX GannncTH4eCcKHx 
paker Qo ux BxOpa B aTMociepy. 

Mpornsopakera BbinonHeHa c npume- 
HeHMeM HOBeMWMX AOCTHKEHMA OTeYeCT- 
BeHHOM HayKH M TeXHMKH, NporpeccuBHbix 
TeXHONOFMii, HOBbIX MeTANNM4eCKHX HW He- 
meTannMyeckux MaTepwanos, MO AByXcTy- 
neato cxeme — Cc TREPAOTONAMBHEIM pa- 
KeTHbIM ABHraTenem Ha Nepsoi CTyneHH HM 
KMAKOCTHOM pakeTHOM ABHraTenbHOA yc- 
TaHOBKOW Ha BTOpoN. CrapT paket! — Bep- 
TMKANbHbIA, W3 WaXTHOM NyCKOBOM ycTa- 
HOBKU. 

Mpotnsopakera ocHaieHa KOMaHAHO- 
WHeEpuMaNbHOH CuCTeMOW ynpaBneHuA C 
G6oprosoi yndposol BEI¥McnMTeNbHOn Ma- 
WHHOH, BepBble NPUMeHEHHOH ANA paket 
Takoro Knacca. YnpasneHue nonetom nep- 
BOW cTyneHH Ha aTMoctepHoM y4actKe 
TpaekTOpMn noneta OcywecTBnAeTcA aapo- 
AMHAMMYeCKMMH pynaMH, a BHE aTMoctbe- 
Pbi ynpasneHue nonetom Btopoli cryneHn 
OCYUIECTBAAeTCA XKMAKOCTHOM pakeTHOA 
ABMraTeNbHOH ycTaHoBKON, CocToAWen M3 
YeHTpanbHoro Gnoka TArH M YeTEIPex NOBO- 
POTHBIX ABHraTene Gnoka ynpaBneHna, 
KOTOpble KOHCTPyKTHBHO CBAaHbI C a3po- 
AMHAaMMYeCKMMM pynaMM M MX pyneBbIMH 
npwsogamn. 

Boptosan annapatypa npotusopaxersi 
BbINONHeHa B PaQMayMOHHOCTOMKOM MC- 
NonHeHnu. Bein NpMHATeI cneyManbHble 
Mepbl ana oGecneyeHuA pagnaynoHHoi 


CTOWKOCTH GopToBOn BbIdMCHMTeENbHON Ma- 
witb. KoHCTpykuMA pakeTbI H ee GopTo- 
80H annapatyps! o6ecne4nsaer, npu HeO6- 
XOQMMOCTH, NPOAOAKUTeNbHBIN aBTOHOM- 
HbIit NoneT 623 KOMaHA OT Ha3eMHOM CHC- 
Tembi HaBegenna. [lo KoMaHgaM OT Ha3eM- 
Ho CMCTeMbI HaBegeHHA NpoTMBOpaKeTa 
MoxeT nepeHayennBatbca 8 nonete. boe- 
BbIe Nporpammb! 6opToBow ynppoBod Bbi- 
MMCAMTeMbHO MaWMHbI M KOHCTpyKyMA 
OKMAKOCTHOM pakeTHOM ABMraTeNbHOM yc- 
TaHOBKM ynpaBiAWT NpPOAONbHbIM ABHKe- 
Hem npoTBopakerbi, Gnarogapa 4yemy 
OcywecTanAeTcA npuneT npoTMsopakeT 8 
3afaHible TOUKM BCTPe4M C YeNAMH C MH- 
HAMaNbHIMH paz6pocaMH OTHOCHTeENbHO 
3agaHHoro BpemeHn BcTpedn. YTo6ei pea- 
JM30BaTb 3TOT PeXKHM, B KMAKOCTHOM pa- 
KeTHOM ABHraTenbHOl ycTaHoBKe Mcnonb- 
30BaHa OpMrnHanbHaA Cxema 3a60pa KOM- 
NoHeHToB TonnMBa M3 6akoB, o6ecne4nBa- 
foujan NoBTOpHbii 3anyck GnoKa TAT 
nonHyi0 BbipaGorky KOMNOHeHTOB. 

Mpotwsopaketa 5176 o6ecneynsaet 
BbICOKYO BEPOATHOCTS YHMYTOKEHHA Goe- 
BbIX GNOKOB MeXKKOHTMHEHTANbHbIX GannH- 
cTM4eCKMX pakeT Ha GonbuMx AanbHOCTAX 
W BbiCoTax. 

Npotusopakera 5176 He umeet aHano- 
TOB B MMPOBOM pakeTOcTpoeHMun. 


he 5176 exoatmospheric 

antiballistic missile is intended to 

engage warheads of intercontinental 

ballistic missiles before they reenter 
the atmosphere. 

The missile incorporates our country’s 
latest achievements in the fields of sci- 
ence and technology, development of the 
innovative know-how, as well as metallic 
and nonmetallic materials. It employs a 
two-stage scheme with a solid-propellant 
rocket engine for the first stage and 
a liquid-propellant rocket engine for the 
second stage. The missile is launched 
vertically from a silo. 

The missile is fitted with a com- 
mand/inertial guidance system with a dig- 
ital onboard computer; the latter has been 
used in this type of missiles for the first 
time. Flight control of the first stage on 
the endoatmospheric leg of the flight tra- 
jectory is accomplished by the 
aerodynamic rudders. Outside the Earth’s 
atmosphere, flight control of the second 
stage is effected by a liquid-propellant 
rocket engine consisting of a main pro- 
pelling unit and four control unit thruster- 
s that are structurally linked to the aero- 
dynamic rudders and their actuators. 

The missile’s onboard equipment is 
radiation-resistant. Special measures to 
ensure the radiation resistance of the 
onboard computer have been taken. If 
necessary, the missile’s design and its 
onboard equipment configuration can 
ensure the missile’s long-duration free 


flight without any commands from a 
ground guidance radar. The missile is 
capable of in-flight retargeting via com- 
mands from a ground guidance radar. The 
combat operational software of the digital 
onboard computer, as well as the design of 
the liquid-propellant rocket engine con- 
trol the missile’s pitch, which allows the 
missile to get to a missile-target encoun- 
ter point with a minimum time spread in 
relation to the estimated time. In order to 
ensure this mode, a unique scheme of 
drawing fuel from tanks has been imple- 
mented in the liquid-propellant rocket 
engine. The scheme provides for a pro- 
pelling unit restart and complete fuel 
exhaustion. 

The 5176 missile ensures a high kill 
probability of the intercontinental ballis- 
tic missiles’ warheads at long ranges and 
high altitudes. 

The 51T6 antiballistic missile still has 
no analogs in the world missilery. 
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1. Myckosaa waxma c npomusopaxemod 5176 
Silo with 5176 ABM missile inside 
2,3. Kpoiwu nyckoaex waxm paxem 5116 
Covers of silos for 5176 ABM missiles 
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IKCNepumMeHTanbHble 
pakeTbi “ npoektbl 


Experimental Missiles 
and Projects 


OneitHaa 3eHuTHaA ynpaBnaemaa pakera LUB-32 (326) 


ShB-32 (32B) experimental AD guided missile 


axeta W5-32 co3qapanace Kak nep- 

cnekTwBHbit BapwakT 3YP ana uc- 

nonb3ogaHua B cucteme [BO C-25 

Mocxebl. Ee paspa6orka 6bina HayaTa 
p KB-1 8 1951 rony nog pykoBoAcTBomM 
QJ). Tomawesuya u H.T. 3bipaHa. 

UW5-32 npeqcrasnana co6oh AByxcty- 
neHyatyio pakety C TBepAOTONAMBHBIM yC- 
Kopurenem TIPA-10 n Mapwesoi cryneHbiO 
c KPA. Ucnonb3osaHne — snepebie Ana 
orevectBeHHbIx 3YP — nogoGHoi AByxcty- 
nen4atoi cxemb! nosBonuno pakere WB-32 
cTapTosarb c HaKNOHHO Hanpasnalwwe 
G6ankw nycKoBol ycTaHoBKh, 3Ha4HTeNbHO 
COKpaTHTb BpeMA, HEOOXOAMMOe AIA pas- 
roHa pakeTbi 0 CBeEPx3ByKOBOM CKOPOCTH, 
a TakiKe O6eCneYHTb BbICOKYIO CpeAHioW 
CKOpocTb Nonera No TpaeKTOpMH, 

W65-32 6bina BbinonHeHa No a3popH- 
Hammueckoii cxeme “yTkKa”, C Kpectoo6pa3- 
HO pacnono»KeHHbIMM KPbINbAMH M PyNAMH. 
Mpumekenne nogo6Holt cxembt o6ecneun- 


‘no pakete Tpe6yemylo MaHespeHHocTb (q0 
9 enMHuu) W aspoAMHamMYeckyio ycrowun- 
BOCT’ NPA pasNM4HbIX pexKMMax noneTa. 
aa cra6unwzaynn paketbi no KpeHy — no- 
cne ee cxopa c Hanpasnaiouel Gankn m 0 
MomeHTa HaYana paqmoynpaBneHMA — HC- 
NOnb30BaNKCh 3NePOHbI, yCTAHOBNeEHHbIE 
Ha ABYX KPbINbAX. 

Paspa6orka yCkOpmTena BbinonHANach 
p KB-2 3asogqa Ne 81 nog pykosoacTsom 
VM. Kaptyxosa. KPA c sbirecHuTenbHOn 
CMCTeMOd NoAayM TONAKBA, B KOTOPOM MC- 
Nonb3oBanuch CaMOBOCNAaMeHAWUHECA 
KOMNOHeHTbI ToNnHBa AK-200 u TI-02, 6bin 
pa3pa6orax 8 Kb-2 HUM-88 nog pykoBog- 
ctsom A.M, Vcaesa. 

Mapwiesaa ctyneHb sknioyana 8 cebA 
NAT’ OTCeKOB: C paAMONOKayHOHHbIM 
B3pbisaTenemM C NpMeMHbIMM aHTeHHaMMH; 
annapatHo-pynesoi c KyMynaTHBHoi 6oe- 
BO YaCTbIO M NepepaiouMMM aHTeHHaMM 
paamosspbisatena; Gakosbii — AnA ropio- 


he ShB-32 missile was originally cre- 

ated as an advanced version of an AD 

missile to be used with the S-25 

Moscow AD system. Its development 
began in 1951 at the Design Bureau #1 
under the supervision of D. Tomashevich 
and N. Zyrin. 

The ShB-32 was a two-stage missile 
with a PRD-10 solid-propellant booster 
and a sustainer stage with a liquid- 
propellant engine. The use of a two-stage 
scheme — for the first time in the Soviet- 
made AD missiles - made it possible to 
launch the ShB-32 from an inclined 
launching ramp, to significantly reduce 
the time required to accelerate the missile 
to the supersonic speed, and to ensure a 
high average line-of-flight velocity. 

The ShB-32 employed a canard aero- 
dynamic configuration with cruciform 
arrangement of wings and fins. The use of 
this scheme gave the missile the requisite 


maneuverability (up to 9 units) and aero- 
dynamic stability in different flight 
modes. In order to stabilize the missile in 
roll after it leaves the ramp and before the 
radio control is enabled, the ailerons 
mounted on two wings were employed. 

The booster was developed at the 
Design Bureau #2 of the Plant #81 under 
the supervision of I. Kartukov. The liquid- 
propellant gas-pressurized rocket engine 
employing the AK-20F and TG-02 hyper- 
golic propellants was developed at the 
Design Bureau #2 of the Research 
Institute #88 under the supervision of 
A. Isayev. 

The sustainer stage comprised five 
sections: a section housing a radar fuze 
and receiving antennas; instrument and 
control section with a shaped-charge war- 
head and radar fuze transmitting anten- 
nas; tank section for fuel and oxidizer with 
a high-pressure air tank; a section housing 
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yero m oKMCAMTeNA C GannoHOM C)KaTOrO 


Bo3pyxa; oTcek c KPA 4 pynesbinn maln- 
HaMM ynpaBneHvA 3nepoHamM Kpbiia 
cra6unu3atopa; o6TeKatenb KPA c Konb- 
esol aHTeHHOM paguoynpasnenna. Ynop- 
HbIii KOHYC yCKOpuTens 6bin CBASaH C Map- 
wesol cTyneHbio NpM noMOuM YeTbIPex 
3amkos. C 6oKos 3Toro KOHYyCa Gbinn pac- 
nonoxkeHbl “oKHa” Ana BbIxoga ra30B KPA. 

Nepsbie 6pockosbie cnbiTaHHA pake- 
thi LWB-32 nposoguauce B KOHUe 1952 ro- 
fa. 3aTem B Xofe ABTOHOMHbIX UcNbITaHKA 
way¥anoch noBeAeHve pakeTbl BO BpeMA 
cTapta M 8 aBTOHOMHOM noneTe, HccneAO~ 
BanMCb Npouyeccb! pasqenena CTyneHel H 
BbINONHEHMA KOMAHA HaBefeHuA. 

B KoHye 1953 ropa WB5-32 ykomnnek- 
Topanu sce HeOOxoAuMoi annapatypon M 
NoproTOBMAN K NyCKaM B 3aMKHYTOM KOHTY- 
pe ynpasnenua cucrembi C-25. OAHaKo 
BeMAY M3MeHEHMA NpMopHTeTos B pa3zpa- 
6orke cuctem MBO, qanbHeiwero pazBuTHA 


; i _3KcnepumeHTanbHbie pakeTb! M NPOeKTb! 


31a Tema He nony4yuna. Paspa6orynKos 
W5-32 w3 KB-1 nepesenv 6 MKB “@aken”. 
3necb nop pykosogcreom M.f. Ipywuxa 
wvcnonb30BanM paHee W3FOTOBAeHHbIe pa- 
KeTbi WB ana nposegexua paga 3Kcnepy- 
mextos. Viccnegosanacb 8 nonere pabora 
MeXaHW3Ma W3MeHEHMA NepeAaTOYHOrO 
yucna (MUM), cormacosbisaswero Benn- 
4MHbI OTKMOHEHMA pynew C BeNM4nHaMuK 
CKOpocTHoro Hanopa BO3AyXa; NPOBOAN- 
AWCh MCCHEQOBAHMA NOBEAeCHMA PakeTbI c 
AONONHMTENbHO ycTaHOBNeHHbIMH (NO HOP- 
ManbHOow cxeme) pyNAMM; M3y4aNMCb 
Cc NOMOUbIO CNeunanbHOorO yctpoiicrsa 
(“rpyw”) BO3MOXKHOCTH perynnpoBaHHA 
BeENM4YMHbI KPMTMYeCKOLO ceyeHua conna 
yckopurena. 

3a spema ucnbitanni LB-32, ao anpe- 
na 1955 ropa, Gbino ocywectaneHo 74 nyc- 
Ka, npHOnuauTenbHO B 20-TH M3 HUX pake- 
Tb! UCNONb3IOBaNMCh B Ka4eCTBe “netaw- 
wx nabopatopuin”. 


the liquid-propellant rocket engine and 
wing and stabilizer aileron control actua- 
tors; liquid-propellant rocket engine fair- 
ing with a circular radio control antenna. 
The booster thrust cone was fixed to the 
sustainer section by four locks. The sides 
of the cone had special holes for extract- 
ing gases from the liquid-propellant rocket 
engine. 

The first drop tests of the ShB-32 
missile were held in late 1952. Later on, 
the missile’s behavior during the launch 
and in free flight, as well as its staging and 
guidance command execution were stud- 
ied during the autonomous tests. 

In late 1953, the ShB-32 was fur- 
nished with all necessary equipment and 
readied for the closed control loop 
launches with the S-25 system. However, 
due to the changed priorities in the AD 
systems development, this trend has never 
been further explored. 
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The ShB-32 designers were transferred 
from the Design Bureau #1 to the Fakel 
Engineering Design Bureau; the earlier 
manufactured ShB missiles were used to 
carry out a series of experiments under the 
supervision of Pyotr Grushin. The studies 
included the in-flight performance of the 
power-ratio changing mechanism that 
interfaced control surface deflection rates 
with airflow rates; the missile’s behavior 
with extra control surfaces arranged in a 
conventional configuration; the possibili- 
ties for adjusting the booster’s nozzle 
throat diameter. For studying the latter, a 
special device was used. 

In the course of tests, which lasted 
until April 1955, the ShB-32 was launched 
74 times. In about 20 of these launches, the 
missile was used as a “flying laboratory.” 
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Mapweebiii Geuzamens paxemss Il/6-32 
Sustainer (ShB-32 missile) 


. Hocosaa yacm paxems! UWB-32 
Fore part (ShB-32 missile) 


|. Cmapmoseidi dauzamens paxemsr W5-32 
Booster engine (ShB-32 missile) 


. Cmapmosan cmynens paxemsr WWE 
Booster stage (ShB-32 missile) 
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Jletatowan na6opatopua KM 


KM flying laboratory 


cepequne 1950-x rogos sce 6onb- 
wee 3Ha4eHve Cran npKobpetate 
3afa4n YBENMYeHHA AaNbHOCTH, BbI- 
COTbI M CKOPOCTM NoneTa 3eHMTHBIX 
ynpasnaembix paket. Cpequ sapnantos pe- 
WeHHA 3TOM Npobnembi paspabor4nkn ABn- 
faTenbHbIX yCTaHOBOK NpeAnowKunK MC- 
NONb3OBaT PaKeTHO-NPAMOTOYHIE MAK 
NPAMOTOUHbIe BO3AYWWHO-peaKkTHBHbIe ABM 
rarenw (MBP). K cepeaune 1950-x rogos 
8 MX CO3AaHMH GbiNM AOCTHrHyTeI ONpepe- 
NeHHbie ycnexn HB Hawel Crpave, W 3a py- 
Gexkom. Uccnegosanua no ucnonb30BaHH 
Ana 3YP gsnrarenbHbix ycraHoBok Takoro 
Tuna 6einw Havatbl 8B MKB “@aken” 8 1955 
rogy. Mepsyio pa6oty 8 3Tom HanpasneHHn 
Npeanpwatve BbINOMHANO COBMeCTHO Cc 
OKB-670 M.M. Boxmapioxa. Ona 6bina cBa- 
3aHa C CO3QaHMeM M MCNbITaHMAMM 3KCNe- 
PMMeHTaNbHOH paket! KM. 
KM npenctasnana co6oi AByxctynex- 


YaTyl0 pakery, BbINONHeEHHYKO Ha OCHOBe 
Pakee pa3pa6oraHHoW 8 OKB-670 He- 
ynpasnaemon paxetbi “025”, Ha KoTOpon 
yctaHosMnn nepeaHee Kpectoo6pasHoe 
onepexue # OpraHti ynpasnexnna. KM oc- 
Hauanacb TBEPAOTONAMBHEIM CTapTOBbIM 
yckopwrenem w Mapwesbim MBP, pabotas- 
wwm Ha 6GeH3mHe. B MKB “®aken” ana KM 
Geinw co3gaHbi CneyManbHble ycTpoiicrsa 
NporpamMHoro ynpaBneHuA nonetom, cny- 
>KMBUIMe ANA OBeCneYeHHA NoneTa pakeTbi 
No Tpaektopuam, 6nu3KHM K Tem, KOTOpbIE 
xapakTepHbl ANA 3eHMTHIX pakerT. B AHBa- 
pe 1956 roga mogens KM npowna noni 
uukn npogysok B LIATM. C BecHbi 1956 ro- 
fia no ocenn 1957 roga Ha nonmrone Kany- 
CTHH Sip 6bino BbinonHeHO 10 nyckoB KM, B 
Npouecce KoTOpsix npogonxKannce uccne- 
QoBaHHA paboTb! NPAMOTOYHOTO ABMraTeNA 
B WAPOKOM AMana30He BbICOT, CKOpocTeii H 
Aelicrayiounx neperpy30K. 


n the mid-1950s, as air attack weapon- 

s were becoming more and more 

advanced, the increased range, flight 

altitude and speed of the AD missiles 
began to gain an _ ever-growing 
significance. Among various options of 
solving this problem, the engine designer- 
$ suggested using ram rocket or ramjet 
engines. By the mid-1950s, considerable 
advance had been achieved in developing 
this type of engines, both in our country 
and abroad. 

In 1955, the Fakel Engineering Design 
Bureau began research on _ the 
implementation of such engines in AD 
missiles. The first project along these lines 
was carried out by the Fakel Bureau in 
cooperation with the M. Bondaryuk’s 
Experimental Design Bureau # 670 (OKB- 
670). The project involved developing and 
testing the KM experimental missile. 
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The KM was a two-stage missile based 
on the OKB-670-developed 025 unguided 
missile that was fitted with a fore 
cruciform fin kit and controls, The KM fea- 
tured a solid-propellant launching booster 
and a ramjet sustainer that ran on 
gasoline. 

Special flight preprogram control 
devices intended for guiding missiles 
along flight paths typical to those of the 
AD missiles were designed at the Fakel 
Bureau specifically for the KM missile. 

In January 1956, the KM model was 
put through a complete set of wind-tunnel 
tests at the TsAGI Central Aerohydrody- 
namic Institute. From the spring of 1956 
to the autumn of 1957, the KM was 
launched 10 times at the Kapustin Yar test 
range. The launches made it possible to 
study the ramjet performance in a wide 
range of altitudes, speeds and g-loads. 


Fakel’s 


Cuctema “Tpoc” ana 6opb6bi c ManoBbicoTHbIMM YenAMU 


Tros system against low-altitude targets 


koHue 1960-x rogos 8 MKB “®aken” 

6bina nposegena uccnegoBatenbcKan 

pa6ota no W3y4eHWi0 BO3MOKHOCTH 

Co3qaHMa CMCTeMbI Heynpasnaemoro 
PakeTHoro opyxkua Ana Gopb6bi c HH3KONe- 
TALMMM BO3AYWHEIMH YeNAMH. 

KoHcTpykTHBHO CHCTeMa, nonyyMBwaA 
Ha3BaHne “Tpoc”, qomkHa 6bina npegctas- 
DAT’ CObOM HazeMHbIN GnoK Heynpasnae- 
MbIX aBMaMOHHBIX paket C-5M, KoTOpbie 
No KOMaHAe BepTHKaNbHO BbICTpenMBaNnc 
v NOAHMMaNM Ha BICOTY HECKONbKHX COTeH 
meTpoB MpHKpenneHHbit K HMM Tpoc. 
Npegnonaranocs, to cozqasaemoe nogob- 
Heim 06pa30m kKpaTKoBpemeHHoe 3arpayK- 
AeHMe MOFMO OkA3aTbCA AOCTATOYHO 3cp- 
tpextueHeim 8 6opb6e c camonetamn, co- 
BepwaiowMMu noneT Ha Manoii BbICOTe. 
B npoyecce wcneitanni cucTembI 

“Tpoc” 6bino npoBegeHo HeEcKoNbKO CepHii 
nyckos paket C-5M. 


nthe late 1960s, the Fakel Engineering 

Design Bureau studied the possibility 

of creating unguided missiles that 

could engage low-flying targets. 
Structurally, the Tros code-named system 
was supposed to be a land-based unit of 
S-5M unguided antiaircraft missiles that 
were vertically fired on command, raising 
cables attached to them to an altitude of 
several hundred meters. It was believed 
that this short-term obstacle would be 
quite efficient for fighting low-flying 
aircraft. 

Several series of the S-5M missile 
launches were made within the framework 
of the Tros system testing. 
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Tunep3BykKoBaa neTaioujan na6opatopua “Xonoy” 


Kholod hypersonic flying laboratory 


meee net 


eee Pten 


1980-90-x rogax MKB “®axen” npu- 

HANO yYacTHe B CO3QaHKM M MCnbITa- 

HuAx neTaioujen nabopatopun “Xo- 

nOA” ¢ 3KChepHMeHTanbHbIM rHnep- 
3BYKOBbIM NPAMOTOYHBIM BO3AYWHO-peak- 
THBHbIM ABUratenem (ITBPA). 

OcHoBHbIM 3neMeHTOM AeTajoM\ed Na- 
6opatopun “Xonog” ABnanca co3qaHHbiit 
UMAM ocecummertpuyneii PBPA 58/1, yc- 
TaHOBNeHHbIN B HOCOBOM YaCTH 3eHMTHON 
ynpasnaemon pakets 5B28. {na ucnonb- 
30BaHMA B Ka4eCTBe rMnep3ByKOBON eTa- 
towel na6opatopun (MN) paxeta 5B28 
6bina MogepHu3npoBaHa — emecto ICH # 
6oeBon Yactu B ee HOCOBOM YacTH 6bIN yc- 
TaHosnex IMBPL, 6aK c KHAKHM BopOpo- 


OM, arperatbi CMCTeMbI Noga4H %KMAKOFO 
BoAopoga K ABHraTento, Wap-GannoHb! BbI- 
COKOro AaBNeHMA C TeXHONOrMYeCKHMH Fa- 
3amm, CACTeMa H3MepeHHii C pagnoTeneme- 
TpMYeCKoH CTaHuHeli M aBTONMAOT. 

B revenue 1991-1998 ronos [IN “Xo- 
non” w “Xonop-2” sbinonHMnK nate none- 
TOB, BO BPeMA KOTOPbIX NPOM3BOAMNOCE 
HeOgHoKpatHoe eknioyeHuve FBP{, yTo 
NO3BONMNO NONyYHT AOCTOBepHbie AaH- 
Hbie NO NapameTpam ero pabovero npouec- 
Ca, TeNMOBOrO COCTORHMA KOHCTpyKynH, 
oco6eHHoctei cosmectHoi paboTe 3ne- 
MeHTOB M CHCTeM. 


n the 1980-90s, the Fakel Engineering 

Design Bureau took part in designing 

and testing the Kholod flying laborato- 

ry with an experimental scramjet 
engine. 

The main element of the Kholod flying 
lab was a 58L axisymmetric scramjet 
engine designed by Central Institute of 
Aviation Motors (TsIAM). The engine was 
fixed in the fore part of the 5V28 AD 
guided missile. The 5V28 missile was mod- 
ified to be used as a hypersonic flying lab: 
a scramjet engine, a liquid hydrogen pro- 
pellant tank, units feeding liquid hydrogen 
to the engine, high-pressure spherical bot- 
tles with process gases, an instrumenta- 


. 


tion system with a radio telemetry station 
and a gyropilot were installed in the fore 
part of the missile instead of a homing 
head and a warhead. 

In 1991-1998, the Kholod and Kholod-2 
hypersonic flying laboratories made five 
test flights during which the scramjet was 
activated several times. This allowed 
obtaining reliable data on the engine per- 
formance parameters, thermal condition of 
the entire experimental unit, as well as 
specifics of its components’ and systems’ 
joint performance, 
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nemaiowjaa na6opamopus “Xonod” (sapuanm 1) 


rsonic flying laboratory (Version 1) 
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TakTu4eckue M ONepaTHBHO-TaKTM4eCKHe PakeTbI 


Tactical and Theater missiles 


cepeguue 1960-x rogos 8 MKB “@a- 
ken” 6binn paspaboranbi ”Ba NpoeKTa 
TaKTM4ecKHx BannucTMY4ecKHx paker, 
NpepHasHayaBWMXxcA ANA MCNONb30- 
BaHuA B COCTaBe TAKTMYECKHX KOMMNeKCOB 
“Sicrpe6” u “Touka”. 3a ocHoBy ANA 3THx 
paker 6bina npunata pakera 4K60, koTopan 
Cco3qaBanacb B TO BpeMA ANA NPHMeHEHA 
ee B cocTaBe yHuBepcanbHoro KopabenbHo- 
ro Komnnekca M-11. 3To no3Bonuno npep- 
AOMKMTb AOCTATOUHO NepcnekTHBHyIO KOHCT- 
PyKuMIO OAHOCTyNeHYaTOM TakTHYeCKOi 
6annuctuyeckow pakeTb, OCHaujeHHOA 
TBEPAOTONAMBHbIM pakeTHbIM ABHraTeNeM, 
Pag TexHMyecknx peweHHit, NPAHATEIX 
B npoyecce pabore! Hap 3THMM NpoeKTaMH, 
6bin B AanbHeMwem peanu30BaH NpH Co3pa- 
HMM B Hawel CTpake ApyrHx TakTH4eCKHx 
6annuctTu4eckx paker. 


B 1963 roay 8 MKB “®aken” Gein pa3- 
pa6oTaH npoekt TakTH4eckoW paKerbI 
B-612 gna BoicKoBoro KomnneKca “AcT- 
pe6”, npeqvasHayeHHoro Ana nopaxkeHna 
Manopa3MepHbix Ha3eMHbIX YeNe Ha Aanb- 
HocTax oT 8 0 35 KM. 

B 1965 roay 8 MKB “®axen” Gin pa3- 
pa6oraH npoektT TakTH4eCKOH paKeTbI 
B-614 ana Boiickosoro Komnnexca “TouKa”, 
npeava3HayeHHoro ANA nopakeHHA Maso- 
pa3MepHbix Ha3eMHbIX Yene Ha AaNbHOC- 
tax or 8 90 70 Km. Pakety npegnonaranocb 
OCHaCTMTb MHEPManbHOw CHCTeMOM yn- 
Pasnenun Cc G6opToBbiM BLINMCAMTeNbHbIM 
YCTPOACTBOM M MOW\HOR 6oeson yactbw. 

na tpatcnoptuposkn paket npegno- 
naranocb MCnOnb30BaTb NnaBaiou\me CaMo- 
XOAHbIE YCTaHOBKM C KONeCHBIMM WAaCccK 
BbICOKOM NPOXOAMMOCTH. 


n the mid-1960s, the Fakel Engineering 

Design Bureau developed two projects 

of theater ballistic missiles intended 

for use with the Yastreb and Tochka 
tactical missile systems. These missiles 
were developed on the basis of the 4K60 
missile being designed at that time for use 
with the M-11 versatile shipborne missile 
system. This enabled the designers to offer 
a rather promising design of a single-stage 
tactical ballistic missile fitted with a solid- 
propellant rocket engine. 

A number of engineering solutions 
adopted in the course of work on these 
projects were later implemented in other 
tactical ballistic missiles designed in our 
country. 

In 1963, the Fakel Engineering Design 
Bureau elaborated the V-612 tactical 


missile for the Yastreb system intended to 
engage pin-point ground targets at a 
distance of 8 to 35 km. 

In 1965, the Fakel Engineering Design 
Bureau elaborated the V-614 tactical 
missile for the Tochka system intended to 
engage pin-point ground targets at a 
distance of 8 to 70 km. The missile was 
supposed to be fitted with an inertial 
guidance system with an onboard 
computer and a powerful warhead. 

To transport the missiles, it was 
planned to employ amphibious self- 
propelled carriers on cross-country 
wheeled chassis. 
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Nyckoeas yemakoeka makmuyeckozo pakemHozo KoMnnexca “Scmpe6” (npoexm) 
Launcher of Yastreb tactical missile system (project) 
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Nyckosaa yemanoaxa maxmuveckozo paxemwozo Konnnexca “Towxa” (npoexm) 
Launcher of Tochka tactical missile system (project) 
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HTeHCMBHOe pa3BuTHe M COBepUeH- 

cTBOBaHMe CpeACTB BO3AYWHOFO Ha- 

Nagenna, nosbiweHne ux Ka4ecTBeH- 

HbIX MH KONMHECTBEHHBIX NoKazaTe- 
nei, W3MeHEHMA B CTpaterMn M TAKTHKe MX 
Goesoro npumeHeHMA B NocnegHue feCA- 
TMNETHA 3HANMTENBHO YCROKHMNK 3aqa4H, 
cTonume nepeg cpeacteamu MBO. Axanu3 
Pe3ynbTaToB HeAaBHHX BOeHHbIX KOH(PAMK- 
TOB M GoeBbIX CTONKHOBEHMi CpeACTB BO3- 
AywHoro HanageHua wu cpepcts MBO yxe 
npween kK Tomy, 4TO B page nepeposbix B 
BOCHHO-TEXHH4YECKOM OTHOWEHMM CTpaH 
NPMHUMNbI NOCTpoeHMA nepcnekTHBHbIX 
cpegcre NBO u paspaborku Ana Hux 3eHuT- 
HbIX pakeTHbIX CpeAcTB Ha4anu paccmaTpH- 
BaTb C HOBbIX NOSMYNiA. 

B Hactonwee spema o6nuKx nepcnek- 
THBHbIx Cpepcrs MBO 4 BxoqAuHx B Mx CO- 
CTaB 3@HMTHBIX ynpaBnAeMbIxX paket (3YP) 
hopmupyerca, ucxogA, npexAe Bcero, 43 
OWeHOK nepcnektus AaNbHeMwWero pa3zBn- 
TWA CpeAcTs BO3qywHOrO HanageHna. Vme- 
foujaaica 8 HaCTOAUee BpeMA CTATHCTHKA, 
kak NO cyuecTByOuMM, Tak M No Nepcnek- 
TMBHEIM NWAOTMPyeMbIM aBMayHOHHEIM 
Cpegctsam, CeujerenbcreyeT 0 TOM, 4TO B 
6nuxaiwme 10-15 net kpaiHe manosepo- 
ATHbI KaKMe-nM60 peBONIOUMOHHbe u3Me- 
HeHMA B XapakTepHCTHKAX ABMAYMOHHbIX 
cpeacts so3qyuiHoro HanageHna. OcHoB- 
HOW BeKTOp MX pazBMTHA OygeT HanpaBneH, 
npexge scero, 8 CropoHy mopepHu3aynn 
yke CyuecTByiOWMx CaMoneTos M BepTone- 
TOB: anbHewwero yMeHbWeHMA MX 3c>Pdpex- 
TMBHOM nnowann paccensanya (IMP) u pa- 
Ano3zametHoctn (TexHonormm “Crenc”), 
YBENUYEHMA MaHEBPeHHbIX CBOUCTB M CHU- 
>KEHMA YAIBUMOCTH (GpOHMpoBaHve KabuH 


AETYMKOB, TONMMBHbIX 6akos, cuctem yn- 
Pasnenna u T.n.). Han6onbwuit xe npo- 
Fpecc 8 pasBuTMM CpeACTe BO3AYWHOFO Ha- 
nageHna 8 6Gawkaiwne rogel 6yget can3aH 
C BBICOKOTO4HbIM Opyknem (BTO), TakTH4e- 
ckwmM GanaucTH4ecKMMM pakeTaMM MW WH- 
POKHM pacnpoctpaHeHmem GecnmnoTHbIx 
NeTaTeNbHbIX annapaToB. 

CrpemmTenbHbii npopbie 6 page TexHH- 
4eckux o6nactei, 4 nperkpe Bcero — B MH- 
KpO3NeKTPOHHKe, B NOCMeAHMe ropbl NO3- 
BONA CO3paTb O6pa3zubi OpyxuA, KOTOPOe 
MOXKHO 3anyCKaTb C HOCHTeNel, HaxopA- 


3PC C-30011MY-2 “®asopum™ 
5-300PMU-2 Favorit AD missile system 


he intensive development and mod- 
ernization of air attack means, 
improvement of their qualitative and 
quantitative parameters, changes in 
the strategy and tactics of their combat 
employment during the last decades have 
considerably complicated the present 
tasks of the Air Defense. The analysis of 
the recent armed conflicts and results of 
combat use of the AD systems against air 
attack means have already given impetus 
for working out new approaches towards 
developing the perspective AD systems 


with corresponding AD missiles in a num- 
ber of militarily and technologically 
advanced countries. 

Currently, the configuration of the pro- 
posed AD systems and their structural com- 
ponent, the AD guided missiles, is mainly 
estimated with regard to the further devel- 
opment of air attack means. According to 
the available statistics concerning both 
the existing and perspective manned air 
means, the revolutionary changes in the 
characteristics of air attack means are 
scarcely probable in the 10-15 years to 
come. Development of the air attack means 
will mainly be aimed at upgrading the 
already existing aircraft and helicopters, 
i.e. at further decrease of effective area of 
dispersion and radio detectability (stealth 
technology), improvement of maneuvering 
capabilities and vulnerability reduction 
(armoring of cockpits, fuel tanks, control 
systems, etc.). However, the coming years 
will feature the biggest progress in the 
development of high-precision weapons, 
tactical ballistic missiles, as well as wide 
use of unmanned air vehicles, 

Breakthroughs of the recent years ina 
number of engineering areas, and particu- 
larly in microelectronics, have allowed 
designing and developing weapons that 
can be launched from carriers located 
beyond the range of the existing AD mis- 
sile systems. These breakthroughs have 
primarily resulted in the wide employment 
of high-precision weapons used for strik- 
ing at the most important targets: control 
and communications centers, ground AD 
facilities, nuclear and hydroelectric power 
stations, airports, railway bridges, etc., as 
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uWMxXCA BHE Npeg“enow 30H AOCATAaeMOCTH 
AIA CYUECTBYIOUMX ZEHMTHBIX PaKeTHbIX 
KOMNNEKCOB. Oguum W3 MaBHbIX pe3ynbTa- 
ToB 3TOrO Mpopbisa cTano wWKMpoKOe uC- 
nonb30BaHve B NOCNeAHMe FOpAbI CpeAcTB 
BTO ana HaHeceHMa MMn yaapos no Han6o- 
jee BaxKHbIM WenAM — NyHKTaM ynpaBne- 
HMA, CBA3M, Ha3eMHbIM Cpegctsam [BO, 
aTOMHbIM M FMAPOsNeKTpOCTaHyMAM, a3spo- 
ApoMaM, %KENE3HOAOPOXHLIM MOCTaM M 
T.N., @ TaKKE ANA YHHYTOKEHMA 3KOHOMM- 
YeCKOH M BOeHHOM MHcppactpykTypE! npo- 
TMBHMKa B XOAe NONHOMaCWTAbHbIX 6oe- 
BbIx Aelictaui. A notomy 6onbwHHcTBO 
cneuManncros, W3y4alouMx CeroqHA pe- 
3ynbTaTbl MCNONb3IOBAaHMA B GoeBON O6cTa- 
Hoske cpegcts BTO, kak npaBuno, eAnHO B 
CBOUX BbIBOMaXx: B 6nwkaiwue fOfbl Han- 
6onee cocToATenbHon cbopmynon nobepbi B 
6ONbWMHCTBe BOeHHbIX KOHAUKTOB AOMK- 
HO cTaTb co¥etanve “BTO nnioc uHdbopma- 
\uoHHoe o6ecneyeHne”. B cBoo oyepesb, 
He NOAME KUT COMHEHMI, 4TO B nM Kaine 
ropbl HanGonbwHi nporpecc B O6nacTH Co- 
BepweHcrsoBaHna cpeacts MBO pomKeH 
6biTb cBAgaH C yBenn4eHneM acpdexTHBHO- 
ctw ux qelicrsnn npotue BTO. 

[ipyrof, He MeHee aKkTyanbHow 3aqa- 
yeh ana co3patenei cpegcts MBO Ha 6nn- 
aiwMe ropbl octaHetca npobnema o6ec- 
evenna atdektusHor Gopb6bi c TakTHye- 
ckumu Gananctuyeckumu paketamn (TBP) 
W OnepaTMBHO-TaKTH4eCKMMK 6annuctuye- 
ckumm paketamn (OTBP). 

Ha toue atx TeHgeHuni BegeTcA Nog- 
Foroska K CMeHe noKoneHnit 3YP Gonbwon 
¥ CpeqHed AanbHOCTH, KOTOpbIM NpeACToMT 
CbIrpaTb 3Ha4MTeNbHYIO ponb B bynyuynx BO- 
CHHbIX KOHGAMKTaX. PakeTbI 3TOrO KNacca 


Mycxoaan yemanoaxa 3PC C-300NIMY-2 c paxemanu S8H6E2 
5-300PMU-2 AD missile system launcher with 48N6E2 missiles 


AOMKHbI CTaTb yHHBepcanbHbIMH, cnocob- 
HbIMM 3¢cpeKTMBHO NoparkaTb KaK BCe BUAL 
Nunotmpyembix 4 GecnMnoTHbIX aBMayMoH- 
HbIX CPeACTB, Tak HW 6annuctuyeckue pake- 
Tel MW pasnu4nHble Bugei BTO, HecMoTpA Ha 
vMelouyHeca MexKAy 3THMM YeENAMM CywecT- 
BeHHbIe pasnu4ua. Hanpumep, ana ascpdex- 
THBHOFO NOpaKeHHA 6annuctuyeckux pa- 
KeT Tpe6yloTca sbicoKocKOpocTHBie 3YP, 


well as for destruction of the enemy eco- 
nomic and military infrastructure during 
large-scale combat operations. Thus, the 
majority of experts currently studying the 
results of high-precision weapons employ- 
ment in combat conditions share a single 
conclusion: in the nearest future, the most 
effective victory formula for the majority 
of military conflicts should feature the 


“high-precision weapons plus data sup- 
port” combination. There is also no doubt 
that in the coming years the greatest 
progress in upgrading the AD weapons 
should be directly connected with 
their increased efficiency against high- 
precision weapons. 

Another important issue for the AD 
weapons designers for the coming years is 
ensuring effective countermeasures against 
tactical and theater ballistic missiles. 

These trends constitute the back- 
ground for the change of the current gen- 
eration of long- and medium-range AD 
missiles that will play significant role in 
the future military conflicts. Such missiles 
should be versatile, capable of effectively 
engaging all types of manned and 
unmanned air vehicles as well as ballistic 
missiles and different types of high- 
precision weapons, despite significant dis- 
tinctions between those targets. For 
instance, the effective destruction of bal- 
listic missiles requires high-speed AD mis- 
siles featuring an average flight speed of 
up to several km/s and providing target 
interception and destruction at safe alti- 
tudes and distances from the protected 
installation, These are exactly the quali- 
ties of the 48N6E2 long-range missile 
designed in the Fakel Engineering Design 
Bureau for the S-300PMU2 Favorit missile 
system. During the tests carried out in 
August 1995, this guided missile repeated- 
ly engaged the SCUD-type ballistic mis- 
siles' warheads on their trajectory. 

Simultaneously, the demands for 
performance characteristics of the AD 
missiles intended for engaging relatively 
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Mmelouyme CpeAHiow CKOpocT’ noneta Ao 
HeckonbKMx KM/CeK M OGecneYnsaloMne B 
Mpoyecce nepexsara yHuYTOKeHMe Yen 
kak NeTaTenbHoro annapata — Ha Ge3onac- 
HbIX AA OFOpoHAeMOrO OObekTa paccTon- 
HMAX M BbICOTaX. MMeHHO TaKUMM KayeCcT- 
Bamu, Hanpumep, OOnagaeT paketa 6onb- 
wo AanbHoctn 48H6E2, paspaboraHHaa B 
MKB “®aken” ana 3PC C-300MMY-2 “@aso- 
put”. B npouecce ucnbitannih atoh 3YP, 
MpoBegeHHbix B aBrycre 1995 ropa, Goin 
HeEOAHOKPaTHO NpOAeMOHCTpMpoBaH Nop- 
pbi8 Ha TpaeKTopun Goesoro cHapAKeHHA 
Gannuctuyeckux paket Tuna “CKan”. 

Hapagy c 3TH, yposeHb TpeGosaHnii K 
3YP, HeOGxoAMMBIX ANIA NOpaKeHKA OTHO- 
CUTeNbHO HU3KOBBICOTHBIX M MaNOCKOpOcT- 
Hbix cpeacts BTO, no cpeqHei ckopoctn 
Noneta MoxeT 6biTb 3HaYMTENbHO CHMKEH. 
Oguako 8 370M Cny¥ae Ha nepBbii NaH BbI- 
XOQMT pag Apyrux Tpe6osanui. 

ViasectHo, 470 Goptosaa annapatypa 
mepcnektmBHbix cpegcts BTO, co3qasae- 
MaA Ha 6a3e COBpeMeHHbIX OCTMKeEHHK 
3NeKTPOHMKH, MMHMMM3KpoOBaHa NO CBOKM 
macco-rabapuTHbiM xapakTepMcTHKaM 0 
NpegenbHo Manoro ypoBHA WM 3aHMMaeT 
CpaBHuTenbHo HeGonbWwon O6bem B KOpny- 
ce opykua. Macca xe w rabapuTHele xa- 
Paktepuctukn cpeacts BTO 8 ocHoBHOM 
onpenenniotca ux Goesbim CHapAxKeHHeM H 
ABuraTenbHOM ycTaHoBKOM. Ito o6cToA- 
TenbcTBO, OCOGeHHO npw GonbwMx CKOpo- 
ctax cOnmkeHua 3YP c yenbio W Gonbuinx 
owv6Kax HaBegeHuA, 3aTpyAHAeT yHU4TO- 
enue 6oesoro cHapaxeHua BIO, no- 
cKonbKy TpeGyer Hanu4na ana 3YP cooT- 
BeTCTByIOWero MHOpMauMoHHOrO oGec- 
neyenna. Kpome toro, 3YP fomkHa o6na- 


low-altitude and low-speed high-precision 
weapons may be considerably reduced in 
regard to the missiles’ average flight 
speed. In this case, however, a number of 
other demands for their characteristics 
become more important. 

It is common knowledge that onboard 
equipment of the perspective high- 
precision weapons developed on the basis 
of modern achievements in electronic 
engineering is minimized in weight and 
dimensions to the minimum possible level 
to occupy a rather small space inside the 
weapon's body. But the weight and dimen- 
sions of high-precision weapons are basi- 
cally determined by their payload and 
propulsion system. This fact, especially in 
the conditions of an AD missile’s high 
closing speed and serious guidance errors, 
impedes the destruction of high-precision 
weapons’ payload, as it requires adequate 
data support for the AD missiles. Besides, 
an AD missile should be capable of inten- 
sive maneuvering in the target intercep- 
tion area and be fitted with a “smart” pay- 
load, which can produce an optimum frag- 
ment spread zone for engaging a particu- 
lar target. 

Currently, the rational consideration 
of these issues has become the basis for 
developing the medium-range AD missiles 
of new generation and for employing a 
large number of key technologies in the 
missile design. In particular, the foreign 
designers of similar AD missiles focus pri- 
marily on ensuring the direct hit of the 
target by a missile (or by its separating 
interception stages) for maximum use of 
the kinetic energy of impact for the target 


cKogaR ycmaHoeKa IPC “Tpuym” 


nph AD missile system launcher 
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slaTb CNOCOGHOCTbW K BbINONHEHMIO MHTEH- 
CWBHbIX MaHeBpOB B 30HE Nepexsara Yenn, 
a ee 60eB0e CHapAXKeHMe AOMKHO 6biTb 
MHTeNeKTYaNbHbIM”, TO ECT’ CNOCOOHLIM 
ccpopMupoBaTb ONTHMAaNbHOe ANA KOHKpeT- 
HbIX YCNOBMA NepexBata None OcKoONKoB, 
nopakaiowyx Yenb. 

CerogHa paymonanbHbiit yyer 3THx OCo- 
GeHHOCTel NONOKeH B OCHOBY BbINONHEHMA 
paspa6orok 3YP cpequei qanbHoctn HoBO- 
ro NOKONeHMA WM peanM3aynn B MX KOHCT- 
pykyuM Uenoro paga KnioYeBbIxX TexHono- 
rua. B 4actHocTH, 3a py6exom co3gaTenu 
nogo6uelx 3YP opvextupyiotca, npexpe 
Bcero, Ha O6ecneyeHe npAMoro nonapa- 
HMA pakeT (NM OTAeNAeMbIX OT HX CTyNe- 
Hei nepexBata) 8 Yenb C TeM, YTOObI MaKCH- 
Ma/IbHO MCNONb3OBATb AVIA ee YHAYTOKEHMA 
KMHeTMYeCKyIO 3HEprMlO CoyqapeHna. Op- 
HOBPeMeHHO ANA yBeNMYeHMA 3ZcdekTus- 
HOcTH AelicreuA NepcnekTuBHbie 3YP ocHa- 
waiorca TakoKe GoeBbim 3apagqom, HO ero 
Macca W pa3Mepbi Cyu\eCcTBeEHHO meHbile, 
4em Goesbie 3apagbi, ycrayasnusaswneca 
Ha 3YP npegbiaywjero nokoneHua. 

Cnegyet oTmeTnT u TO, 4TO Ana 3YP HO- 
Boro NOKOMeHMA XapakTepeH nepexog oT 
NONyaKTHBHOFO payMoNoKayMOHHOrO CaMo- 
HaBeQeHMA K KOMOMHMpOBaHHOMy Cnocoby 
ynpasneuna, coveraiouemy uHepynanbHoe 
HaBegeHue C pagmoKoppeKunei (Ha Ha- 
Ya/ibHOM M CpegHeM y4aCTKax TpaekTOpMn) 
W aKTMBHOe pagMonoKayHOHHoe CaMOHaBe- 
AeHve 8 Gonee KOpoTKOM, 4em paHee, Ana- 
Na30He BONH (Ha KOHEYHOM y4acTKe TpaeK- 
Topun). Mogo6xeii nepexog no3sonser, 
80-Nepsbix, YBENMYMT YUCNO OAHOBpemeH- 
Ho o6cTpennsaembix Yeneii, nocKonbKy oT- 
NaqaeT Heo6xoqumoctb B HeNpepbiBHoii 


destruction. Simultaneously, to increase 
the efficiency, the perspective AD missiles 
are also equipped with combat payload, 
but it is lighter and smaller than that of 
the previous-generation AD missiles. 

It is also necessary to mention that 
the new-generation AD missiles feature 
the transition from semiactive radar hom- 
ing to the combined control incorporating 
the inertial guidance with radio-correc- 
tion (at the initial and middle legs of the 
trajectory), and active radar homing with- 
in shorter than previously waveband (at 
the final leg). This transition allows, first- 
ly, increasing the number of simultaneous- 
ly engaged targets as there is no necessity 
for continuous transmission of guidance 
commands or target illumination till the 
moment of interception, and secondly, 
increasing the homing accuracy by using 
shorter waveband simultaneously with 
reducing the antenna diameter of the 
homing head. 

During the interception when an AD 
missile is approaching a target at a high 
speed (up to 3-4 km/s), the time of high- 
precision guidance is usually limited to 
several seconds. It sets special require- 
ments to the response time of the onboard 
equipment and the AD missile maneuver- 
ability. In this connection, the employ- 
ment of combined modes of generating 
control forces and moments that incorpo- 
rate aerodynamic and gas dynamic modes 
becomes increasingly typical for the new 
generation of AD missiles. For this, the 
missiles are fitted with special propulsion 
systems of control in roll. Employment of 
such systems at the final stage of homing 
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nepeaye KoMaHA ynpasneHHA WAM No{- 
cBeTa Yenv AO MOMeHTa NepexBata, a BO- 
BTOpbIX, HCNONb30BaHKe Gonee KOpoTKOTO 
AMana30Ha BONH NPM OAHOBpeMeHHOM CHH- 
>KeHMM AMaMeTpa aHTeHHbI [CH nosBonAeT 
YBENMYUTb TOUHOCT CaMOHaBeAeHHA. 

Npu nepexeate Ha 6onbwux CKOpocTAX 
cOnmxenua 3YP c yenblo (qo 3-4 Km/cek) 
BpeMA AIA BLICOKOTOYHOFO HaBeAeHHA, Kak 
npasuno, orpaHu4nBaetcA HeECKONDKMMK 
cekyHgamu. ITO npegbaBnaet ocoGbie Tpe- 
6osanna K 6bicrpogencteuio 6optoson an- 
Napatypbi w MaHespeHHocTu 3YP. B ceaan C 
37MM, Ana 3YP HOBoro noKoneHuA Bce 60- 
nee xapakTepHbim CTaHOBMTCA NPUMeHEHHeE 
KOMOMHMpOBaHHbIX Cnocobos cosfaHuA 
ynpasnaiowux Cn M MOMeHTOB, KOTOpbie 
coueTaloT 8 ce6e asponMHamM4eckne H Fa- 
30quHamMYeckne cnocobtl. C 3ToH YenbiO 
Ha pakeTax yCTaHaBnuMBaloTca cneuanb- 
Hble ABMraTeNbHble ycTaHOBKH Nonepe4HO- 
ro ynpapneHna. Vx ucnonb30BaHve Ana yn- 
pasneHua Ha 3aBepwiaiowen daze CaMoHa- 
BefeHHA NO3BONAeT YMeHbUIMTb BpeMA pe- 
akynu 3YP 6 10-15 paz  nony4yuTb Gonee 
BbICOKyI0 TONHOCTb CaMOHaBepeHHA. 

Apyrum nepcnektusHbim HanpaBneHH- 
em nosblweHMA scpcpextueHocTn 3YP aBna- 
eTca co3qahwe ANA HUX MHSOpMayMOHHO 
o6ecneyeHHoro ynpasnremoro Goesoro 
cHap@keHuA, OPHEHTHpOBaHHOTO Ha Nopa- 
>KeHMe Yenel “ocTaHaBnMBalouyMM” pelicT- 
Bvem (pa3pyweHnem KOHCTpykuMH) — np 
nepexsare nunoTupyembix yeneli, M Ha no- 
paxenve (Heitpanv3zaynio) Goesoh Ha- 
rpy3kM — npw nepexsate GecnunoTHbix Ye- 
nei, 8 Tom 4ucne BP w BTO. Ynpasnenne 
Goesbim cHapaxeHnem 3YP np 3TOM Ocy- 
wectenaeTca AonneposckHm paavoB3pbi- 


BaTenem, HCNONb3yOWMM ANA ananTayMn K 
YCNOBMAM BCTpedM C YeNbIO BC MMeWOLLy- 
toca Ha Gopty pakeTb! MHpopmayni (THN KM 
Ppa3mep Wenv, BeENMYMHA OTHOCMTeENbHOA 
CKOPOCTH, yrnbl BCTPeEYM pakeTbI C YeNbIO, 
ta3a npomaxa W OpweHTauMa pakerTti wee 
GoeBoro CHapAKeHHA OTHOCMTeENbHO YenM 
B MOMeHT NponeTa). fjononHHTeNbHO MO- 
aKeT 6biTb HCNONb3OBaHA MW MHCPOpMayMA O 
BeNM4HHE Npomaxa, BbIqaBaeMaA CaMMM 
paqwosspbiparenem. 

HanpasneHHbii BbiGpoc nopaxaiounx 
3NeMeHTOB OCYUeCTENAeTCA ynpaBAAeMbIM 
OcKONO4HO-yracHbim GoesbiM cHapAKe- 
HMeM, OCHAUeHHIM CMCTeMOM MHOFOTO- 
yeyHoro MHMYMMpOBaHMA, KOTOpaA — NO 
KoMaHge panMoB3pbiBatena Ha Cpabarbisa- 
Hue — 8 ynpasnnemom pexume (npm HanM- 
4M MHOpMal\HM O chaze NpoMaxa), BbI3bI- 
BaeT ero MHMYMMpOBaHHe B COOTBETCTBYW- 
wx Tpe6yemomy HanpasneHMio TOUKaX 
nogpbisa, o6ecneuusan nepepacnpepene- 
Hue 3HEprMn B3pbiBa H MeTaHMe OCHOBHOR 
4acTW OCKOMOYHOFO NoNA C NoBbIWeHHOH 
CkOpocTbIO B CTopoHy Yen. B To Ke BpeMA, 
Np OTCyTCTBMM HeOOxoAMMO HHopMa- 
yun o tbaze npomaxa, pakeToii moxerT 6biTb 
peanw30BaH YeHTpanbHbii NoApbiB GoeBo- 
To CHapAeHMA C CHMMETPHYHBIM pazneTOM 
ockonkoB. Takum 06pa30m, Co¥eTaHHe pa- 
WMOHaNbHbIX anropMTMoB HaBeAeHHA, 
NO3IBONAIOUIMX AOCTHYb NOBbIWEHHOM TOY- 
HOCTM HaBegeHna, C OGecneYeHHeM BbICO- 
Kol BEPOATHOCTH HaKPbITMA OCKONOYHEIM 
nonem 3YP 6oesoro cHapaxeHua BTO 
Gannucruyeckux yenel paeT Hamebicwee 
Ka4ecTBO WX NopakeHnA — YHHYTOKeHHE 
6o0esoro cHapayxKeHMA YeNM HenocpescT- 
BeHHO B MOMEHT NepexsBata, 3a C¥eT ero 


[ | 


Ucnoimamensieid cmexd daa 3YP 9M96E 
Test bench for 9M96E missile 


allows reducing the AD missiles’ response 
by 10-15 times and reaching higher hom- 
ing accuracy. 

Another perspective direction of 
increasing the AD missiles’ efficiency is 
development of software controlled pay- 
load for destroying the targets by “stop- 
ping” action (destructive effect on con- 
struction) when intercepting the manned 
targets, and for payload destruction (neu- 
tralization) when intercepting the 
unmanned targets, including the ballistic 
missiles and high-precision weapons. The 


AD missiles’ payload is controlled by the 
radar Doppler-operated fuze that uses all 
onboard information (target's type and 
dimensions, relative speed values, angles 
of missile collision course, misfire phase, 
and orientation of the missile and its pay- 
load towards the target at the bypass 
moment) for adjustment to meeting the 
target. Besides, the interception error 
information generated by the radar fuze 
may also be used. 

Directed ejection of the killing ele- 
ments is exercised by the guided HE frag- 
mentation warhead fitted with a multipoint 
initiation system. Upon the radio fuze com- 
mand in guidance mode (in case misfire 
phase information is available), the system 
initiates the fuze in the explosion points 
depending on the required direction, which 
provides redistribution of the explosion 
power and directs main part of the frag- 
mentation field with increased speed 
towards the target. At the same time, when 
the necessary misfire phase information is 
not available, the central initiation of the 
payload with symmetrical separation of 
fragments can take place. Thus, the combi- 
nation of rational guidance algorithms 
allows the designers to achieve enhanced 
guidance accuracy with high probability of 
engaging the high-precision weapon's pay- 
load as well as the ballistic targets with AD 
missile’s fragmentation field. It brings 
about the highest kill quality with the tar- 
get's payload engaged at the interception 
moment, by its detonation or by explosive 
demolition. 

Most of these technologies have been 
used in the medium-range 9M96E and 
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AeTOHAUMM MAM B3pbIBHOrO paspyweHua. 

Bonbwan yactb 3THx TexHonorMii Ha- 
waa cBoe BonnoweHne 8 paspaboTaHHbix 
“®akenom” B nocnegHue rope 3YP cpen- 
He AanbHoctw 9M96E u 9M96E2. B 6nu- 
>KaWe FOAbI OHM BOlAYT B COCTAB HOBbIX 
mogudukaunit cuctem MBO Kak HazemHoro, 
Tak 4 KopabenbHoro Ga3suposanna. 

Pag nepcnektusHbix TexHonormii B 
6nuxKaiwem 6ynywjem onpegenut wu obnnKk 
3YP manoi aanbHoctu. CeroqHa nogasnai- 
wee 6OnbWHHCTBO 3eHMTHBIX pakeTHbIX 
KOMnneKCcoB Mano fanbHOcTH, HaXOAA- 
WMXCA Ha BOOpyKeHMH, MCNOAb3yioT KO- 
MaHgHble Cnoco6bl HasegeHua. Mpv 3ToM, 
kak npaswno, Hapaay ¢ pagqnonoKayMoH- 
HbIM, MCnonb3yioTcA KaHanbl ConpoBOxKpe- 
HMA YeNM B BMAMMOM M HHpakpacHom AH- 
ana3onax. Takum o6pa30m o6ecne4usaior- 
CA MOMeXO3aL\MUEHHOCTh M BCenoro;- 
HOCTb, MOCTATOYHIe AA yCnewHO Goeson 
pa6otbi 3PK 8 nio6bix ycnosnax. OgHako 
6onbwuHcTBo cywecrByiouMx 3PK manon 
AaNbHOCTH — OAHOKaHanbHble, a noTOMy 
OHM He Moryt acpqpekTHBHo GopoTbca Aaxe 
C OrpaHM4eHHbIM MaCCMpOBaHHbiM yAapom 
cpeqctsamn BTO. NMostomy, Hecmotpa Ha 
BOW OTHOCHTeNbHy!O NpocToTy MW AeWe- 
Buty, 3PK c KoMaHAHbIM HaBefjeHnem 3YP 
Ha Yen MoryT 3cpekTHBHO MCNoNb30BaTb- 
CA TONKO NPM 3awnTe O6bekTOB, NO KOTO- 
Pbim ManOBepoATO NpHMeHeHMe MaccMpo- 
BaHHoro yAapa cpeqctsamn BIO. 

B Hactonujee Bpema B pape CTpaH Ocy- 
wecteaaetca paspaborka 3PK manoii ganb- 
HOCTH, OCHalaeMbIx 3YP C KOMaHAHbIM Ha- 
BefeHnem Ha Ha4anbHOM yyacTKe M CaMO- 
HapefeHnem Ha 3aKnlO4NTeNbHOM 3Tane 
Moneta. B TakMx 3EHMTHBIX PaKeTHbIX KOM- 


nnekcax npepycmarpusaeTcA HeECKONbKO 
KaHanoB CONPOBOKAeHMA YeNH, 4TO RONK- 
Ho oGecneynTs addextueHywo Gopeby c 
MaccupoBaHHbim yaapom BTO. 

B nepcnextuse oco6oro BHAMaHMA 3a- 
CAyKMBaeT HR MCNONbIOBAHMA B COCTABE 
3EHMTHBIX pakeTHbIX KOMNMNeKCOB 3YP c KO- 
MaHAHO-MHepuManbHbiM HaBeAeHHeM Ha 
Ha¥anbHOM y4acTkKe W CaMOHaBepeHHeM B 
PaQMONOKayMOHHOM HM ONTHYeCKOM AMana- 
30HE Ha KOHEYHbIX 3Tanax noneta, 3YP c 
NOQOGHbIMH BO3MOXKHOCTAMM B HaMOoNb- 
welt creneHm CMoryT CooTBeTCcTBOBaTb Tpe- 
GosaHHAM 3auMTbl BaKHbIX OObeKTOB OT 
MaCCMpoBaHHbIx yAapoe m06bix cpepcTe 
BTO, nockonbky OHM npaKTH4eckH He bynyT 
MMeTb OrpaHMYeHHii NO CKOpocTpenbHOCTH, 
a B CONeTaHMM C peanu3aynel NpHHyHna 
“sbicTpenun-3a6bin” no3BonAT OpraHH30- 
BaTb BbICOKYIO NNOTHOCTb OFHA NO YHMYTO- 
xeHMo cpeacTs BTO. Ewe ogHim yeHHbIM 
Ka4ecTBom 3THx 3YP MoxKeT CTaTb BO3MOK- 
HOCTb HX MPHMeHEHMA BO BCeX BMAaX BO- 
opyxKeHHbix cun — BBC, CyxonytHbix Boii- 
ckax n BM®, 

B 6nwxkaiwue ron peanuzayna no- 
AOGHOM yHuduKaunn cTraHeT OAHMM H3 
NpwopuTeTHbIX HanpasneHnit paboTel ANA 
co3patenei HoBbix Tunos 3YP — manoi, 
cpeauei wm Gonbwoh ganbHocTu. Pewenne 
3TH 3aQa4M NO3BONMT PpaAMKanbHO COKpa- 
THTb cyWeCTByIOWYHi B HaCTOAWee BpeEMA 
Tunax 3YP, BbIABHTb W O6ecne4uTe peann- 
3ayni0 HanGonee nepcnekTHBHbix Hanpas- 
neHMi B HX paspaborKe, pe3kO COKpaTHTb 
3aTpatbl M CPOKM MX CO3qaHMA MB HTOre 
oGecne4uTs noBbIWeHKe yHKyMOHANbHOn 
W 3KOHOMMYECKON SqtpekTHBHOCTM 3eHMT- 
HBIX PakeTHBIX KOMMEKCOB. 


9M96E2 AD missiles recently developed by 
the Fakel Engineering Design Bureau. Ina 
few years these missiles will be integrated 
with new modifications of both ground- 
based and ship-based AD systems. 

In the nearest future, several perspec- 
tive technologies will also influence the 
development of short-range AD missiles. 
Currently, the overwhelming majority of 
the in-service short-range AD missile sys- 
tems employ the command guidance 
mode. As a rule, the visible and infra-red 
target tracking channels are used along 
with radar target tracking. It allows 
achieving electronic immunity and all- 
weather capability sufficient for effective 
combat employment of AD missiles sys- 
tems in any conditions, However, most of 
the existing short-range AD missile sys- 
tems feature one channel thus being inca- 
pable of effectively counteracting even 
limited concentrated strike of high-preci- 
sion weapons. Therefore, despite being 
relatively simple and cheap, the AD missile 
systems with command guidance of AD 
missiles can be effectively employed only 
for protecting installations that are 
unlikely to become targets for massive 
strikes of high-precision weapons. 

Currently, a number of countries are 
developing short-range AD missile systems 
employing AD missiles with command 
guidance at the initial leg and homing at 
the final leg of the trajectory. Such AD 
missile systems feature several target 
tracking channels, which provides for 
effective counteraction to massive strikes 
of high-precision weapons. 

In future, special attention should be 


paid to the idea of employing in the AD 
missile systems the missiles featuring 
command-inertial guidance at the initial 
leg and homing in radar and optical ranges 
at the terminal legs. Such AD missiles are 
likely to fully comply with the require- 
ments set for protection of important 
objects and installations from massive 
strikes of any high-precision weapons as 
they will practically lack limits in the rate 
of fire. When combined with the “fire-and- 
forget” principle they will allow achieving 
high density of fire to destroy high-preci- 
sion weapons. Another valuable feature of 
these AD missiles is their possible employ- 
ment in all armed services — in the Air 
Force, the Army and the Navy. 

In the years to come, this unification 
will become a priority for the designers 
elaborating new types of AD missiles - the 
short-, medium- and long-range ones. 
Solving this problem will allow them to 
considerably reduce the existing AD mis- 
siles’ variety, determine and provide the 
realization of the most promising trends in 
missile design, cut the expenditures and 
terms of their development, and finally 
provide the increase of functional and 
economic efficiency of the AD missile 
systems. 
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3PC C-300MMY-2. 3enutHan ynpaBnaemaa paketa 48H6E2 


S-300PMU-2 AD missile system. 48N6E2 guided missile 


eHMTHaA ynpasnaeman paketa bonb- 

wot fanbHoctw 48H6E2 npeqva3Ha- 

yeHa AA nopakeHuA Kak CoBpemMeH- 

HbIX, TaK M MepcnekTHBHbIX CpeACTB 
Bo3qyuwiHOro HanapeHuA: CamoneTos CTpa- 
Tern4yeckon, TAKTMYeECKOM M MOPCKOM aBna- 
yuu, cTpaterm4ecknx KpbinaTbIX pakeT, 
aBMayMOHHbIX pakeT, TAaKTMYeCKMx M ONe- 
paTMBHo-TakTHM4eCKnx GannncTH4eckHx pa- 
Ker, GecnMnOTHbIx NeTaTeNbHbIx annapaTos, 
— Bo BCeM AMaNa30HE ycnoBHii Hx Boesoro 
npumexenna. 

Pakera 3kcnnyaTmpyeTca 8 repMeTHy- 
HOM TpaHCnOpTHO-nyckOBOM KOHTeHHepe 
(TMK) w He TpeGyer nposepok u perynupo- 
BOK B TeYeHMe BCerO CpoKa CnyxX6bl. 
48H6E2 - opHoctynen4ataA pakerTa, Bbi- 
NOnHeHHaA NO HOpMasbHOM aapoAMHamH- 


yecko cxeme, C packpbiBaembimn nocne 
crapta pynamn. 

Crapt pakeTbi — sepTHKanbHbIi, C no- 
Moujbio ycTaHoBneHHon 6 TIK Katanynerel, 
6e3 npegsapuTenbHoro pasBopota nycko- 
BO/ yCTaHOBKH B CTopoHy yen. Mocne 3a- 
nycka ABMratena pakeTa CKNOHAeTCA B Tpe- 
Gyemom HanpasneHMM B 3aBMCMMOCTH OT 
NONOKeHHA YEAH NPH NOMOU\M a30BbIx py- 
nei-3nepoHos. 

Mpw HaseneHnn pakerei ucnonb3yeTcA 
NpwHyMN CONpoBOxKAeHHA YeNM Yepes Ca- 
my pakety. OckonoyHo-pyrachan Soesan 
Yactb 6onbwo MOWHOCTH B COMeTaHMM C 
BbICOKHMM Neperpy3KaMM, KOTOpbIe Cno- 
co6xHa sbiqepkuBaTb paketa, obecneynsa- 
tor 3cextnaHoe nopaxkenue yeneli, 6 TOM 
4Mcne M MHTEHCMBHO MaHeBpMpyiouyHx. 


he 48N6E2 long-range AD missile is 

intended to engage the in-service air 

attack weapons as well as those 

under development, including 
strategic, tactical and naval aircraft, 
strategic cruise missiles, air-launched mis- 
siles, tactical and theater ballistic mis- 
siles, and UAVs in the complete range of 
their combat use. 

The missile is operated in a sealed 
transporting-launching container and 
requires no maintenance or check-ups 
throughout its entire service life. The 
48N6E2 is a single-stage missile employ- 
ing a normal aerodynamic configuration 
with control surfaces that are unfolded 
after launch. 

The missile is launched vertically with 


an aid of a catapult mounted in the trans- 
porting-launching container, without a 
preliminery turn of the launcher in the 
direction of the target. After the ignition 
of engine, depending on the position of 
the target, the missile is deflected in the 
required direction by means of gas vanes 
(ailerons). 

Missile guidance is of the missile- 
tracking type. A powerful HE fragmenta- 
tion warhead coupled with the missile’s 
ability to withstand high g-loads ensures 
efficient destruction of targets, including 
the intensively evading ones. 
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1,2, Myckosaa ycmanoaka 
S-300PMU-2 Favorit AD 
3. 3YP 48H6E2 8 TNK 
48N6E2 missile in transporting-launching container 
4. Myc 3YP 48H6E2 
Launch of 48N6E2 missile 
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3enuTHble ynpasnaemble paket! 9M9GE, 9M96E2 


9M96E and 9M96E2 AD guided missiles 


axetbi 9M96E v 9M96E2 — opHocty- 
nen4atbie TBepAoTONAMBHbIe. Bei- 
NONHeHbI NO aIpOAMHaMH4eCKON Cxe- 
me “ytka”, C packpbisaembim nocne 
crapta cBo6oAHO BpaujaiouMMcA XxBOCTO- 
BbIM KpbinbeBbim GnoKkoM. PakeTbI NonHO- 
cTbIo yHudnuMposaHb! no coctasy GopTo- 
Boro o6opyaosakua, 6boesomy cHapAxKe- 
HMWO, KOHCTpyKYMM M OTMMYAIOTCA TONBKO 
pa3mepamu ABHraTenbHbIx yCTAHOBOK. 
Crapt paketbi ~ BepTHkanbHbiii, C No- 
MOUbiO ra3OQMHaMMYeCKOrO yCTpoicTBa, 
6e3 npeaBaputenbHoro pasBopota nycko- 
Boi yCTaHOBKH B CTOpoHy Yenn. Mocne BbI- 
xopa pakerti 43 TIK, nepea 3anyckom pa3- 
TOHHO-MapweBoro ABKraTeNA, OHA pa3B0- 
paunsaerca B Tpebyemom HanpasneHun Cc 
NOMOUbIO raZOAMHAMMYECKON CHCTEMbI. 
Ynpasnenne nonetom pakerbi v ee Ha- 
BepeHne Ha Yenb Ha Ha4anbHOM M CpenHeM 


yyactkax TpaekTopmn nonera ocywecTena- 
eTCA C NOMOL\bIO MHEpyMaNbHO-KOppeKTH- 
pyemoit cuctembi. B npouecce nepexeata 
yen Mcnonb3yeTcA akTMBHOe CaMoHaBe- 
AexHue. NMpw Heo6xoqumoctn MHTeHCHBHO- 
ro MaHespMposanna NepeA TOYKON BCTpe- 
4 C YenbiO pakeTa Cnoco6xa BbiiiTH Ha pe- 
oKHM “CBEPXMaHEBpeHHOCTH”, ANA 4erO MC- 
Nonb3yeTca cneuManbHan razoqMHamMyec- 
kaa CUCTeMa ynpasneHna. 

KoxcrpykTweHo paketbt 9M96E w 
9M96E2 cocToaT M3 HECKONKHX OTCEKOB, B 
KOTOpbIX pacnONOeHbI: CHCTeEMa aKTHBHO- 
ro camoHaBegeHnA, arperatbi ynpasneHua 
PynAaMu pakerbl, CHCTeMa ra30qnHamMyec- 
Koro ynpasneHua, “HHTenneKTyanbHoe” 
60eB0e cHapareHne, 6noKn GoproBo; an- 
Napatypbl, AByXpexnMHbI TeepAoTONAMBE- 
Holi pakeTHbI ABHrAaTeNb, NPHEMHMKM KO- 
MaHp KOppekymu HaseneHna. 


he 9M96E and 9M96E2 are single- 

stage solid-propellant missiles 

employing a canard aerodynamic 

configuration with a freely-rotating 
aft wing unit that unfolds after launch. 
The missiles are completely identical to 
each other in terms of the configuration of 
the onboard equipment, payload and 
design. They differ only in the size of their 
engines. 

The missile is launched vertically by 
means of a gas dynamic system, without a 
preliminary turn of the launcher in the 
direction of the target. After the missile 
leaves its transporting-launching contain- 
er and before the sustainer booster is start- 
ed, the missile is deflected in the required 
direction by a gas dynamic system. 

Missile flight control and guidance at 
the initial and midcourse legs of the flight 


path are accomplished via an inertial cor- 
rection guidance system, In the target 
interception phase, the missile switches 
over to active self-guidance. Whenever the 
missile has to perform a maneuver to get 
to its rendezvous point, the missile can 
activate its “superagility” mode. For the 
latter, a special gas dynamic control sys- 
tem is employed. 

Structurally, the 9M96E and 9M96E2 
missiles consist of a number of sections 
housing an active radar homing system, 
missile control surface actuators, a gas 
dynamic system, “intellectual” payload, 
onboard equipment units, a dual-mode 
solid-propellant rocket engine and guid- 
ance correction command receivers. 
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Launch of 9M96E2 missile 
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1,2. Paxems 9M96E, 9M96E2 u 48H6E2 8 xa 


5. 


dMepe U Na BbiCmaBKe 
fainer and at an exhibition 


9M96E, 9M96E2 and 48N6E2 missiles in 


. Nycnosan ycmanoexa c paxemamu 9M96E, IM96EZ u 48H6EZ 


9M96E, 9M96E2 and 48N6E2 missile launcher 


Nyck 3YP 9M96E 
Launch of 9M96E missile 


Cmexd daa ucnsimanud paxem 9M96E, IM96EZ 


Test bench for 9M96E and 9M96E2 mis: 
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Gcoual Testing racilehige? 


PHHYMNMaNbHO HOBbIM HanpaBneHn- 

em B pabore MKB “®aken” crano BHe- 

ApeHve B NpakTHKy CO3qaHMA HOBLIX 

paket KOMNMeKCHOM CHCTeMbI HazeM- 
Hol orpa6orku. 

Onsit, HakonneHHbih npeanpuntHem 
yoke Ha Ha¥aNbHbIx 3Tanax CO3AaHMA pa- 
KeTHOM TexHMKM, NoKa3an: Tpebyeman Ha- 
AeKHOCTb pakeT M Hx GopToBoro OGopypo- 
BaHMA MOET ObiT OGecne4eHa He TONDKO 
nytem ~y6nuposaHuA HaMOonee BarKHbIX 
KOMNOHEHTOB, MX TWjaTeNbHbIM OTEOPOM, HO 
VW OKECTKMMM YCHOBMAMM CTEHAOBLIX HW Na- 
GopatopHbix ucnbiTanuii. Mp 3TOM neTHbIe 
VCNbITAHMA AOMKHbI NPOBOATECA NKUb B 
Tex cny¥aax, Korja Harpy3kH, AelicrByi- 
we Ha pakety 8 noneTe, He MoryT ObiTb 
BOCNPOM3BepeHbI B HaZEMHbIX YCNOBMAX. 

AkyeHTHpyA BHMMaHMe Ha Ha3emHOn 
otpa6orke paket, Ha npeanpwatHn pyko- 
BOACTBOBANKCE CheAyoMnM: 

- nporpecc paketHoi TexHuKkH, Conpo- 
BowKaembIi HeNpepbiBHbiM HakONneHHeMm 
onbita, No3BONAeT OGecne4HTb MaKCMMaNb- 
Hyl0 Haf@KHOCTb Co3qasaemo npopyk- 
umn. 3Ta HaAexHoCcTe Gasupyerca Ha pe- 
3ynbTaTax, NONYYeHHbIX B NPOYecce Ha3zeM- 
How oTpaGorKn paket; 

— cylijecTBeHHoe ysenuyeHne Cronmoc- 
TH pakeT M MX OTAENbHbIX 3N|eMeHTOB OFpa- 
HM4HBaeT BO3MOKHOCTH M3rOTOBNeHMA 
Gonbworo KonM4eCTBa ONbITHbIX O6pa3yoB 
Aa neTHbIX UcnbITAHHi; 

— B Npoyecce npoBepeHua Ha3zeMHbIX 
VcnbITaHMit 3Ha4MTeNbHO OGNeryaeTcA BbI- 
fonkeHne M3MepeHnik HeEOGxoAMMbIX Napa- 
MeTpoB M aHaNM3 COCTOAHMA MCnbiTbIBae- 
Mbix o6beKTOB. 

C yenbio umuTaunM B HazeMHBIX ycno- 


Pakerbt “@axena” 


BMAX MpaKTH4eCKH BCeEX BMAOB Harpy30K 
Ha pakerbl 8 MKB “®axen” 6binu co3paHt n 
BBefeHbi B CTpO CheyMann3nposaHHble 
(B TOM 4ucne M yHMKanbHbIe) CTeHAbi. MpH- 
4em Bce 3TO O6opynoBaHne CKOHYeHTpHpO- 
BaHO B OAHOM M3 HaMGonee MOUHbIx MCNbI- 
TaTenbHbIX YeHTpos Mupa. Moxanyii, maB- 
HbIM pe3yNbTaTOM feATeNbHOCTH YeHTpPa 
cTano To, 4TO HeOOxognmoe ANA npoBene- 
HWA NeTHBIX HCNbITaHHA KONMYECTBO pakeT 
YMeHbWMNOCb B NAT — NATHAaAUaT’ pas. 
Mpu 3TOM Mx HapeKHOCTb K HaYany NeTHEIX 
VicnbITaHMi yBenM4HNaCb B YeTbIPe pa3a. 

B HacToawee Bpema ucnbiTaTenbHblih 
yexTp MKB “@axen” no3sonaer nposoguTb 
cnepyioune ucnbiTaHHa: 

— TennonpowHoctHbie; 

— cratuyeckne; 

— AMHaMnuecKHe; 

— MMUTAMOHHbIe TpaHcnopTHpoBo4- 
Hble, B TOM 4MCNe M yCKOpeHHbIe; 

— lo W3MepeHHio, perncrpayMn W aHa- 
Away BHOpAayMOHHbIx npoyeccos; 

— KNMMaTHYeCKHe — Ha Tenno- 4 xonO- 
oyctow4nsoctt; 

— Ha 6pbizro-Bnaroycrow4usoctb, Cc 
MMMTaune MHeR, 6pbi3r, MOPCKOro TyMaHa, 
Tponwyeckoro KAMMaTa, NbINM, CONHEYHOH 
paanaunn; 

— BakyyMHbie — Ha NOHMKeHHOe AaBne- 
He man rny6oKnii BakyyM; 

— KpmoreHubie — Ao Temnepatypt 4 K; 

— Ha yCKOpeHHoe fyMTenbHOe xpaHeHne; 

— KOMNNeKCHbIe — NPM OAHOBPeMeHHbIX BH- 
6pauMOHHbIx M KNMMAaTMYeCKMX BOSAeMCTBMAX; 

— ygapHble — MMuTayMA nageHHa; 

— No Mofenuposannio paqnoo6craHos- 
KM WM w3MepeHmio CBY xapakTepHcTHk aH- 
TeHH m ObTeKaTeneii; 


he use of diversified ground testing 

facilities in the process of develop- 

ing new missiles has become a fun- 

damentally new practice adopted by 
the Fakel Engineering Design Bureau. 

The experience accumulated by Fakel 
at the early dawn of the missilery age 
showed that the required dependability of 
missiles and their onboard equipment 
could be ensured not only by duplication 
of the most crucial elements and their 
careful selection, but also by conducting 
rigorous bench and laboratory tests. In 
this case, flight tests are required only 
when missile flight loads cannot be simu- 
lated on the ground. 

Focusing on the ground testing of 
missiles, the Fakel’s specialists were moti- 
vated by the following considerations: 

- the progress in missile engineering 
coupled with the continuous accumula- 
tion of experience makes it possible to 
ensure maximum dependability of prod- 
ucts. The dependability is based on the 
data obtained in the process of testing 
missiles on the ground; 

- aconsiderable increase in the cost of 
missiles and their separate elements limits 
the possibility of manufacturing a large 
number of test models for flight testing; 

— ground tests make the measurement 
of requisite parameters considerably easier. 

To simulate practically all types of 
missile loads in ground conditions Fakel 
has designed and put in operation special- 
purpose test benches (some of them are 
unique). All this equipment has been 
brought together in one of the world’s 
largest test centers. Probably, the main 


result of the center's activities is that 
there has been a five- to fifteenfold reduc- 
tion in the number of missiles necessary 
for conducting flight tests. At the same 
time, their dependability rate has grown 
fourfold by the beginning of the flight 
tests. 

Today, the Fakel’s testing center allows 
conducting the following tests: 

— thermal strength tests; 

~ static tests; 

— dynamic tests; 

— transportation simulation 
including the accelerated ones; 

- vibration data measurement, record- 
jing and analysis; 

— climatic tests (low-temperature and 
high-temperature stability); 

- spray- and moisture-resistance tests 
with hoarfrost, spray, sea fog, tropical cli- 
mate, dust, solar radiation simulation; 

— vacuum tests (low-pressure or high- 
vacuum); 

— cryogenic tests (up to a temperature 
of 4K); 

— accelerated long-term storage tests; 

- combined tests including vibration 
and climatic effects; 

— shock/impact tests with drop simula- 
tion; 

- radio environment simulation tests 
with measurement of UHF characteristics 
of antennas and fairings; 

- electromagnetic compatibility tests; 

~ electric and functional tests to check 
electrical safety and insulation strength; 

— fire and environmental safety tests; 

— physical-chemical analysis of the 
properties of various materials. 


tests, 
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— Ha 3NeKTPOMarHMTHY!O COBMECTUMOCT; 

— 3neKTpoTexHuyeckue, dbyHKyMoHanb- 
Hble, Ha NpoBepky 3neKTpoGe3zonacHocTH WH 
Npo4HoctTn W30NAyMH; 

— Ha noxkapobezonacHocts Mw 3KONOrH- 
ueckyio 6e30nacHocTb; 

— MO u3MKo-xumuyeckoMy aHanu3y 
CBOMCTE pa3NM4HbIx MaTepnanos. 

Cnepyet oco60 oTMeTHTb, YTO CTeHAbI H 
na6opatopuu ucnbitarenbHoro = yeHTpa 
NpeANpHATHA pacnonorxkeHb! B cneyManb- 
HbIX 3KPaHMpOBaHHbIX NOMeLEHHAX, 4TO 
no3BonneT o6ecneyuTe Heobxoqumyio be- 
30NACHOCTb M KOHMACHUMANbHOCTb MCNbI- 
TaHMi. 

Ucnbitatenbubii yexTp npeanpuatua 
Pacnonaraet KOMNneKcOM camo cospe- 
MeHHOM perucTpupyiowjen W u3MepHTenb- 
Hod annapatypb!. OHa paboraet 8 aBToma- 
TMYECKOM perkume M perncTpmpyer ace He- 
O6xoAMMbIe NapameTpb! MCNbITbIBAeMbIX 
O6beKTOB, NPOBOANT KOMNbIOTEpHbIM aHa- 
m3 Nony4aemblx pesynbTaToB M Npe_cras- 
nAeT WX Che4WaNMCTaM-MCCnegoBaTeNAM B 
nio6oi tpe6yemon cpopme. 

Ogua 3 rnastbix ocobeHHocTe mcnbi- 
TaTeMbHOrO YeHTpa COCTOMT B TOM, 4TO 
3anecb O6ecne4eHa BO3MO)KHOCTb NonyHa- 
TypHoro MOAeNMpoBaHnA B peanbHoM mac- 
wra6e BpemeHu Bcex npoyeccos, KoTOpbie 
cnbiTbiBaeT pakeTa 8 peanbHOM nonere. 
Vimetoumeca 8 naGopatopmax yeHTpa cTeH- 
Abi  McnbITaTenbHOe OGopymoBaHue no3- 
BONAIOT MCNbITbIBATh PaKeTbI M MX OTAeNb- 
Hbie 31eMeHTbI B YCNOBMAX, KOTOpBIE Npak- 
TW4eCKH afeKBaTHbI yCnOBMAM xpaHeHuA, 
TpaHcnoptuposkn M Goesoro npuMeHeHua. 
Mpu 3Tom c yenbio coKpaieHhA AnuTenb- 
HOCTM MCNbITaAHMA HEKOTOPbIe UX BUAbI 
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Cmamuyeckoe ucnsimanue 
Static test 


COBMeWaOTCA HW NpPOBOAATCA NO eAMHOn 
nporpamme. B npoyecce ucnbitaHnit anna- 
Patypbi B pamKax TaKOW NporpammMbi MOryT 
BOCNPOM3BOAMTbCA TeMNepatypHbie, BHO- 
PalMOHHbie, BbICOTHbIE H APyrHe ycnoBuA, 
cooTeeTcTByioumMe SKCNAyaTauMOHHbIM 
AeicTByoulMe B TOM Ke NOCNeAOBaTeNbHO- 
CTH (MM COBMeCTHO), 4TO M B peanbHOn 
o6craHoske. 

Nogo6ubii nopxog mmeet pag cywect- 
BeHHbIX NpeMMyujecTB No CpaBHeHHw C 
TPaQMyMOHHbIMH MeTOAaMM NpoBeAeHnA 


Of special notice is the fact that the 
test center's test benches and laboratories 
are located in special shielded rooms which 
makes it possible to ensure a necessary 
level of safety and confidentiality of tests. 

Fakels’s test center possesses a variety 
of state-of-the-art data recording and 
measuring equipment. Operated automat- 
ically, it records all necessary parameters 
of the tested items, analyzes the received 
data and submits it to the research spe- 
cialists in any required form. 


One of the main distinctive features of 
the test center is that it provides for a pos- 
sibility to carry out real-time half-scale 
modeling of all processes that affect a 
missile in actual flight. The test benches 
installed at the center's laboratories and 
testing facilities allow testing missiles 
and their separate elements in conditions 
that are virtually identical to those of 
storage, transporting and combat employ- 
ment. Moreover, in order to reduce the 
duration of tests, some of them are com- 
bined and conducted within a single pro- 
gram. In the process of testing the devices 
within such a program it is possible to sim- 
ulate temperature, vibration, altitude and 
other conditions matching those of the 
actual use and affecting a missile — either 
in the same sequence or simultaneously - 
as in actual operation. 

Such approach offers a number of con- 
siderable advantages over traditional test- 
ing techniques. Thus, for instance, it 
allows detecting faults caused by com- 
bined exposure to vibration and climatic 
conditions. 

Fakel’s specialists have elaborated 
unique techniques of accelerated 
endurance, transporting and climatic test- 
ing, which allow reducing the duration of 
tests and cutting the tests’ cost by dozens 
of times. A distinctive feature of these 
techniques is their use for testing sophis- 
ticated devices with multiple constituent 
elements. 

The ground testing facilities devel- 
oped by the Fakel Engineering Design 
Bureau have helped to implement the sys- 
tem of ensuring guaranteed dependability 


Ground Testing Facilities 


Paxetbi “@akena” 


wcnbitaHnit. Hanpumep, B CBA3M C BO3MO)K- 
HOCTbHO O6HapyxKeHHA OTKA30B, BbIZBAH- 
HbIX COBMECTHBIM BO3feCTBMEM KMMATH- 
YeCKUX M BHOpalMOHHbIx PakTopos. 

Cneynanuctb! npeanpuatna pa3zpabo- 
Tanw He WMeIOW\Me aHaNOrOB METOAMKH YC- 
KOPEHHBIX PECYPCHBIX, TPaHCNOPTHbIX MV 
KAMMATM4eCKMX MCNbITaHH, NPHMeHEHHe 
KOTOPbIX NO3BONAeT COKPATHTb NPOAOMKM- 
TENbHOCTb UCNbITAHMH, a TaKKE B AECATKM 
Pa3 COKpaTHTb Mx CToMMocTb. OTan4nTenb- 
Haf OCOBeHHOCT. 3TMX MeTOAMK 3aKniOYa- 
eTCA B MX NPMMeHMMOCTH ANA OTpaboTKH 
CAOKHOA annapatypbi C MHOKECTBOM KOM- 
NNeKTYIOWMX 3NeMeHTOB, 

C nomoujbo co3qaHHoro Ha Npeanpna- 
THM KOMNAeKCa Ha3eMHOH OTpaboTKH pea- 
Aw30BaHa CuCcTeMa OGecneYyeHnA rapaHTH- 
POBaHHOM HafexKHOCTH O6pa3zyos BOeHHON 
W rpakgaHcKow npoaykumn. B ux 4ncne 
pa3pa6orannbie 8 MKB “®axen” 3ennTHbIe 
ynpasnsempie paketb! 48H6 u 9M330, pag 
Apyrux o6pa3yos pakeTHow M aBnalHoH- 
HO TeEXHMKH (B TOM 4uCHe M ApyrMx npeA- 
NpwaTwaTMA), a TakKE pa3sNM4Hbie BYAbI 
Npopykuynn rpaxksaHcKoro HasHayeHHA. 

VicnbirarenbHbid yextp MKB “®aken” 
atTecTopak, Npw3HaH M akKpeAMTOBaH Kak 
UcneitarenbHeii YeHTp ANA npoBe“eHnA 
CepTMdukayMoHHbIx MCNbITaHMA M3Qenni 
a3pOKOCMMYeCKOrO Hanpasnenna, malin- 
HOCTpOMTenbHOM WM 3neKTpOTexHM4ecKOn 
NPOMbILEHHOCTH, pa3snM4HbIx BMAOB 6bi- 
Topo TexHuku. OpraHom ceprmpuKaynn 
foccraypapta Poccuu u “O6opoxceptudu- 
KOU" aTTeCcToBaHbi CTeH~bl, MeTOAMKH MC- 
NbiTaHMit W KBanudwKayMA NepcoHana Ha 
Wx cooTBeTCcTBMe Kak pecny6nMKaHcKun, 
Tak W MexKAyHapoOpHbIM CTaHAapTam. 


of military- and civil-purpose products. 
They include the 48N6 and 9M330 AD mis- 
siles developed by Fakel, several other 
types of missiles and aircraft (including 
those built by other companies), as well as 
various types of civil-purpose products. 

Fakel’s testing center has been certi- 
fied, recognized and accredited as the 
Testing Center for conducting certification 
tests of aerospace products, machine- 
building and electrical products and vari- 
ous types of household appliances. The 
State Committee of the Russian Federation 
for Standardization and Metrology (Gos- 
standart) and Oboronsertifika (National 
Classification Authority) have certified 
the conformity of the test benches, test- 
ing techniques, and the qualification of 
the personnel to both national and inter- 
national standards. 
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Kpvorenbie ucnbiraHna 

VicnbiraHva nposogatca 6 quana3oHe Tem- 
nepatyp or 10 K, w3MeHeHHe qasneHua — 
no 107 mm pr.ct. Macca ucnbiTbisaembix 
o6bextos — Ao 5000 Kr, MakcumanbHbie ra- 
Gapurbi o6bektos — 2x 2x 10M. 


Cryogenic tests 

The tests are conductec hin the temper 
ature range starting at 10 K; the pressure 
variation is down to 10’ mm Hg. The t 

ed items’ weight is up to 5,000 kg; their 
maximum dimensions are 2 x 2x 10 m 
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Wes a Pakere! “@akena” 


Ucnbirauma Ha Tpacnoprmposanne 
VicneitaHva Ha MMMTAMIO TpaHCnopTMpoBa- 
HUA NPOBOAATCA NO YHMKa/bHbIM meTogH- 
KaM, KOTOPbIe NOIBONAIOT COKPAaTHTb UX NPO- 
AomkuTenbHocT’ B 5-50 pa3. VicnbiTaHna 
NpOBopmATCA B AManazoHe YacToT OT 
0 go 400 Ty, makcumanbHoe nepemeweHne 
+ 125 mm, MakcumanbHble rabapuTe! OObek- 
Tos — 30 x 10 x 15 m, Macca ~ Ao 100 TOHH. 

MouHoctb ucnbitatenbHoro ob6opypo- 
BaHWA NOZBONAET NPOBOAMTb MCNbITAHKA 
Kak OTQeNbHbIX arperaToB, Tak WM WeNbIx 
TPaHCnopTHbix CMCTeM. 


Transportation tests 
Transportation simulation tests are con- 
ducted according to the unique tech- 
niques that allow a five- to fiftyfold reduc- 
tion of the duration of tests. The tests 
are conducted within a frequency range of 
0 to 400 Hz; maximum displacement is 
+ 125 mm; maximum dimensions of items 
are 30 x 10 x 15 m, weight — up to 100 t. 
The testing equipment capacity of the 
testing gear allows testing both separate 
assemblies and entire transportation sys- 
tems. 
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3nektTpoMarHMTHbie BbICOKOYACTOTHbIE 
wcnbiTaHHA 

BbinsneHue Hanuma paguonomex y 6ITo- 
BbIX 3NeKTpoNpHbopos, H3MepeHHe Ux xa- 
PakTepucTMK, npoBegeHue UCNbITAHMA Ha 
3NeKTPOMArHMTHYIO COBMECTHMOCTE, H3Me- 
pene pagvorexHm4eckux napamerpos aH- 
TeHHbIX yCTpolicTs (AvarpamMa HanpaB- 
NeHHOCTM MW KOIMuMeEHT yCuneHMA) — 
BOT Wend 3THx MCNbITaHMh. 

Viamepexue napametpos aHTeHHbIx yC- 
TpoicTs nponsBo_MTcA B AMaNaz0He 4aC- 
Tot oT 200 go 10000 mfy 8 6e33x080i Ka- 
mepe pa3mepom 50 x 20 x 25 m. YacrorHbiin 
AMana30H M3MepAeMbIx pagnonomex CooT- 
BeTCTByeT MeXKAYHAPOAHbIM CTaHAapTaM. 
3kpaHMpoBanue nomewenna Cc KO3sdduun- 
eHTOM 3KpaHMpoBaHnA B AMaNa3z0He YaC- 
ToT 0,2-10,0 rfy > 100 f}6 o6ecneunsaer 
KoHqMpeHuManbHOCTb Nposog_MMblx pabor. 
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High-frequency electromagnetic tests 
The purpose of these tests is to detect 
radio interference in household electric 
appliances, measure their performance 
characteristics, test them for electromag- 
netic compatibility, measure the radio 
parameters of antenna assemblies (direc- 
tional pattern and gain power). 

Measurements of the antenna assem- 
bly parameters are taken in the 200 to 
10,000 MHz frequency range, in an anechoic 
chamber with dimensions of 50 x 20 x 25 m. 
The frequency range of measured radio 
interference complies with the interna- 
tional standards. Shielding the rooms with 
a factor within the frequency range of 
0.2-10.0 GHz > 100 dB ensures confiden- 
tiality of the conducted tests. 
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Paketb! “®akena” 


Kaumatu4eckne McnbITaHKa 
Ocywjectsnaiorca wcnbiTaHwA Ha Tenno-, 
XONOAO- MW BNaroyCTOM4MBOCTb C MMMTAalM- 
ef Bo3pelicTena Ha OGbEKT KNMMATHYECKMX 
qakTopos, noHMxKeHHOFO aTMOcHepHoro 
AaBNeHMA, MMMTMpyeTCA ANMTeNbHOe xpa- 
HeHMe O6bEKTOB Ha OTKPbITOM BO3AyXe HAM 
Ha ckfage, B pa3nM4HbIx KAMMaTM4eCKHx 
30Hax. VcnbiTaHua NpoBoAATCA B AMana30- 
He Temnepatyp oT -90°C go +300°C, anana- 
30H M3MeHEHMA BNaKHOCTH — oT 10 70 
9 noHwkeHHe AaBNeHuA — AO 10° Mm 
pr.ct. Macca ucnbiTbiBaembIx O6beKTOB — 
Ao 1000 kr, Makcumanbuble rabapuTe! O6b- 
exTop — 1X 1x7,5m. 

Npwumensempie CneunanbHble MeTOAH- 
KM NO3BONAWT COKpaTMTb BpemA NpoBepe- 
HMA CNbITaHMi Ha ANMTeENbHOCTe xpaHe- 
HMA NpoAyKyMH Gonee 4em 8 20 pas 


Climatic tests 

Items are tested for high-temperature, 
low-temperature and moisture resistance 
with a simulation of various climatic fac- 
tors and low atmospheric pressure. Long- 
term open-air or indoor storage conditions 
of various climatic zones are simulated. 

Tests are conducted within the tem- 
perature range of -90 to +300°C. The 
moisture range is between 10 to 98%. The 
pressure reduction level is down to 
10° mm Hg. The weight of the tested items 
is up to 1,000 kg. Their maximum dimen- 
sions are 1x 1x 7.5m. 

The special techniques used in these 
tests allow for more than a twentyfold 
reduction in the duration of tests for long- 
term storage of products. 
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Tennonpo4HoctHbie HcnbiTaHHA 
UcnbitaHua nposogatca c yenbio onpege- 
AeHMA NPOYHOCTH HM pacnonaraemoro pe- 
cypca o6bekTos — npw MMMTayMM Harpy30K 
W TeMnepatyp 8 peanbHom Maculta6e Bpe- 
MeHM, a TakKe annapatypbl — npn noHH- 
KEHHBIX M MOBbIWEHHbIX TeMnepaTypax. 
Vcnbitanua ocywectenaiotca npw Harpy3- 
ax 0 1 MMla, 8 qMana3zoHe Temnepatyp 
30°C go +2000°C, npw makcumanbHoM Ko- 
nwyectse KaHanos HarpyKeHMA — 32 v Ha- 
rpega - 20. 

WUncbopmaynonHo-peructpupywouan 
CUCTeMa NO3BONReT Nony4aTh CBeAeHMA O 
Napametpax ucnbitaHva no 1000 KaHanos. 
MakcumanbHble rabapuTbl UcnbiTbiBaeMbIx 
o6bekros — 30 x 18 M, BO3MOKHO OMHOEpe- 
MeHHOe HCNbITaHMe AByX OObEKTOB AaHHbIx 
Ppa3mepos. 
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Thermal strength tests 

Tests are conducted with a purpose to 
determine the strength and fatigue level 
of items by real-time simulation of loads 
and temperatures, and of equipment sets 
by exposing them to low and high temper- 
atures. 

Tests are conducted at loads up to 
1 MPa, within the temperature range 
of -30 to +2,000°C, with 32 loading chan 
nels and 20 thermal channels maximum. 

A data recording system makes it pos- 
sible to acquire test parameters data from 
1,000 channels. The maximum dimensions 
of tested items are 30 x 18 m. It is possi- 
ble to simultaneously test two items of 
this size. 
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Paketbi “®akena” 


Awnammyeckue ucnbiTaHna 
Mexanwyeckve (quHamuM4eckue) ucnbiTa- 
HMA O6beKTOB NpOBOAATCA C YeNbIO ONpe- 
AeNeHMA XApaKTEpMCTHK UX Bu6ponpoyHo- 
CTH 4 BHOpoycTOMYMBOCTH, ANA MOfanbHO- 
fo aHanw3a KOHCTpyKuMM M aHann3a AMHa- 
MM4ECKHX NPOUeCCOB B PeaNbHOM macuiTa- 
6e spemenn. 

VcnbitaHna ocywectBnaiotca 8 AMana- 
30He YacToT oT 0,1 go 20000 fy c makcu- 
ManbHbIM ycKopeHuem fo 2000 m/cek’, 
MaKCMManbHble rabapHTbl MCNbITbIBaeMbIX 
o6vextos — 2 x 2x 10 m. Mapamerppi 3aqa- 
BaeMbIX CHHYCOMAaNbHbIX BMOpayHii COOT- 
BeTcTsyioT TpeGosaHuam IEC 68-2-6, wu- 
Pokononocubie cnyyaiiHbie BMOpayMn Co- 
oTseTctsyioT Tpe6osanuam IEC 68-2-34. 

Npumennembie cneynanbHble MeTOAMKK 
NO3BONAIT NPOBOAMT UCNbITAHHA B yCKO- 
PeHHOM pexkume, 6e3 CHMKEHMA Ka4eCTBa M 
AOCTOBEPHOCTH NonyYaemon MH*OpMauMH. 


Dynamic tests 

Mechanical (dynamic) testing of items is 
conducted with a purpose to determine 
their vibration strength and vibration 
resistance characteristics, to perform their 
structural modal analysis and analyze 
dynamic processes in real-time mode. 

The tests are conducted within the 
frequency range of 0.1 to 20,000 Hz 
with a maximum acceleration of up to 
2,000 m/s’. The maximum dimensions of 
the tested items are 2 x 2 x 10 m. The sinu- 
soidal vibration settings comply with the 
IEC 68-2-6 standards. The broadband ran- 
dom vibration settings comply with the 
TEC 68-2-34 standards. 

The special techniques applied in 
these tests allow conducting tests in an 
accelerated mode without any detriment 
to quality and test data adequacy. 
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TexHonorun 


Vv Npou3BoACcTBO 


Technologies 
and Production 


powssogqcrseHHan 6a3a, KOTOpOA 

pacnonarano MKB “®aken” B nep- 

Bbie rofbl CBOerO CyleCTBOBaHHA, 

Mpeqctasnana co6oW onbiTHbIn 
ABMAYMOHHbIN 3aBOf, MOWHOCTM KOTOPOTO 
no3sonanu o6ecneyusatb w3roTOBNeHHe 
ONbITHbIX O6pa3yOs pakeT M MX OTAENbHbIX 
3e@MeHTOB. OCHOBHbIMM KOHCTPYKUMOHHbI- 
MM MaTepvanamu, KoTOpbie B Nepvog CTa- 
HOBNeHMA NPeANpMATHA NPMMEHANMCE NpH 
W3FOTOBNeHMM pakeT, Obi KOHCTPyKUMOH- 
Hole M HepKaBeloune CTanu, Aedopmupye- 
Mble M AMTedHbIe aNOMMHMeBbIE CNfaBbl, 
HemeTannuyeckne MaTepnanbl, WMPOKO HC- 
Nlonb3yemble BO BCeX OTPACNAX HapOAHOrO 
xo3aiictea. B revenue nocnenywuynx feca- 
TwneTHid TexHonorH H paboTHHKH NpeanpH- 
ATMA B COAPYKECTBE C BEAYLMMM MaTepha- 
NOBEAYECKMMM OpraHw3zaynAaMM CTpakbl 
Be/M HeNpepbisHbIM NOMCK CaMbIxX COBep- 
WeHHbIX MaTepvanos, pa3pabaTbiBanu HW 
ocBaBann HoBbIe, 3a4acTyIO yHMKanbHble, 
TexHonorMyeckwe Npoueccel, NpeAHa3Ha- 
YaBWIMeECA ANA W3FOTOBNEHMA pa3NW4HbIx 
AeTanei w arperatos paker. 

B 4ncno Hanbonee CoBpemMeHHbIx Tex- 
Honorn4eckHx Npoyeccos, KOTOpbIe B Ha- 
CTOAujee BpeMA HCNONb3yIOTCA NPM M3r0- 
TOBNeEHMM pakeT M MX arperaToB, BXOAAT 
WTaMnoBKa B3PbIBOM, WTAMNOBKa METOAOM 
o6patHoro npeccosaHma, PacoHHoe AuTbe, 
fa3epHan CBapKa, W3roTOBMeHMe KOHCT- 
Pykynii M3 NONMMepHbIX MaTepHanos, Po- 
TauMOHHaA BbITAKKa, HaHeCeHMe 3au\MT- 
HbIX M3HOCOCTOAKMX NOKPbITHH MeTOAOM 
MukpogyroBoro OKCMANpOBaHuA. 
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uring the initial period of its exis- 

tence, the Fakel Engineering Design 

Bureau possessed an aviation pilot- 

production plant as its own produc- 
tion base capable of producing prototypes 
of missiles and their separate elements. 
During this period, the primary structural 
materials to manufacture missiles com- 
prised structural and stainless steels, 
wrought and cast aluminum alloys, non- 
metallic materials widely used in all 
spheres of the national economy. Within 
the subsequent decades, in cooperation 
with the leading material research organi- 
zations of our country the Fakel’s technol- 
ogists and workers continuously searched 
for the best materials, developed and 
brought new and quite often unique tech- 
nological processes, meant for manufac- 
turing various details and units of mis- 
siles, to a serial production level. 

The most up-to-date technological 
processes that are nowadays used for man- 
ufacturing missiles and their units include 
explosive forming, inverse extrusion form- 
ing, shape casting, laser welding, making 
constructions out of polymeric materials, 
rotary drawing, applying wear-resistant 
protective coatings by microarc oxidation. 
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Wramnoska metonom 

o6patHoro npeccosaHun 

3TOT MeTOA NpPMMeHAeTCA ANA M3roTOBNe- 
HMA B CepHitHOM NpoM3BOACTBe KOpNycoB 
ABMraTeNbHbIX yCTAHOBOK H3 BbICOKONPOY- 
HbIX AMOMMHMEBLIX CNNaBOB. 


Wramnoska B3pbiBom 

Npumenserca ana w3roToBneHuA B epn- 
HU4HOM, ONbITHOM M MeNKOCepHiiHOM Npo- 
W3BOACTBE TOHKOCTeHHbIX KpynHorabapuT- 
HbIX fleTanelt M KOHCTpyK\Mi, HanpHmep, 
ANMUy TONAMBHEIX GakoB, napabonuyecknx 
aHTeHH. Mpouyecc xapaktepu3yeTca BbICo- 
KOM 3KOHOMMYECKON 3cpsekTHBHOCTbWO H3- 
3a He3Ha4MTeNbHOrO OGbema KaNMTaNbHbIx 
3aTpat wv HeGoNbUIMx CpoKoB, a Take HM3- 
KOW CTOMMOCTH NOArOTOBKM NpoUsBOACTBA. 
Han6onee adcbextusHo wcnonb3osaHne 
3TOrO Npouecca Np M3roTOBNeHMH 3epKan 
@HTeHH CNyTHMKOBOM CBA3M, NPH dopMo- 
o6pa3z0BaHun OGe4aek KOHMYECKON M OKH- 
BanbHOW cpopmbl. MakcumanbHbih AnameTp 
o6pa6atbisaemon petanu — 0 3-3,5 m, Ton- 
umHa getann — oT 2 Qo 20 MM, TOYHOCTb 
BbINONHEHMA reOMeTPHYECKHX pasmepos — 
9-12 KBanuter. 


Lay TexHonorun v4 Npow3B0ACTBO 


Inverse extrusion forming 

This method is used in serial production to 
manufacture the power plants bodies out 
of highly resistant aluminum alloys. 


Explosive forming 

It is used in individual, pilot-scale and 
small-batch production to manufacture 
thin-wall large-size details and construc- 
tions — for example, fuel tanks bottoms 
and parabolic antennas. This process is 
characterized by high economic effective- 
ness (due to an insignificant volume of 
capital expenditures and modest terms), 
as well as by low cost of the preparation of 
production. It is highly effective for man- 
ufacturing reflectors of the satellite com- 
munication antennas, for moulding conic 
and ogive shells. The maximum diameter 
of a workpiece amounts up to 3-3.5 m, 
thickness of a workpiece varies from 2 to 
20 mm, dimensional accuracy is 9-12 
qualitet. 
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Paxetbi “®akena” 


Potaywonuan BbiTaKKa 

Npwmensetca ana w3roTosneHuA uMAMHA- 
Pu4eCKMX MW KOHMYECKHX AeTanei C Manon 
BbICOTOM MMKPOHEPOBHOCTeM WM TOYHbIMH 
Pa3mepamn — 43 pasHOOOpa3sHbix MaTepna- 
NOB: OT HU3KOyrNepOANCTbIx CTaneli AO BbI- 
COKONPOYHBIX M HEpKaBeIou\Mx cnnaBoB, 
anioMuHna M THTaHa. TabapuTbl M3roTaBnu- 
BaeMbIX AeTaned: AMameTp — oT 5 fo 
600 mm, anuna — go 1500 mm. C nomowbio 
3TOrO MeTOAa MOXKHO M3rOTABNMBaTb OCO- 
GoroHKocTeHHble Tpy6¥arbie AeTann Mano- 
TO AMametpa, c TONWMHON pO 0,05-0,1 mm. 
Mpumevenne AaHHoro npoyecca HaMbonee 
adextusHo mpm u3rorosneHnn TOHKO- 
CTeHHbIX KOpnycos, paboTaiouMx nog paB- 
NeHweM, TOYHIX 3aroTOBOK KONeW, Tpy6, 
WwaMHApos rmaponHesmoannapatypwl. 


Jla3epHan CBapka 
Zina co3qaHMA BbICOKOHAaQeKHbIX CHOKHDIX 
KOHCTpyKUMi, CHNOBbIX NaHenew 43 CaMbIX 
COBPeMeHHbIX MeTAsINOB H CNNABOB, NPM Hx 
MMHMMaNbHbIX AEopmMayMAX, MCNONb3yeT- 
CA NazepHaa CBapKa, 
AstomaTw3MposaHibiii nazepHbiii Tex- 
HonorM4ecKH KOMNNeKC, AeHCTByIOWMA 
Ha npegnpuatun, BknioNaet B CeOA TeEXHO- 
AOTMYeCKMA Fa30BbIN Nazep, ynpaBnnembii 
3BM, TexHonormyecknii Mopynb W Cneyna- 
AW3MPOBaHHyW OCHACTKy. HOmMMHanbHaA 
MOUHOCTb Fa30B0rO0 Nazepa — 3 KBT, Mak- 
cumanbHaa — 5 KBr. Pexkum w3ny4eHua — 
HenpepbiBHbii M MMnynbCHbI, MaKCHManb- 
Haa TONWMHa CBapMBaeMbIX THTAHOBLIX 
cnnasos W CTanei — 4 mm, CKOpocTe nepe- 
MeujeHHA — 90 4 M/MMH, TOUHOCT NO3MUM- 
OHMpoBaHua — 0,1 mM. 


Rotary drawing 

It is used to make cylindrical and conic 
details with low height of roughness and 
precise dimensions, out of various materi- 
als: from low-carbon steels to high-resist- 
ant and stainless alloys, aluminum and 
titan. Dimensions of manufactured 
details: diameter - from 5 to 600 mm, 
length — up to 1,500 mm. This method 
makes it possible to produce extremely 
thin-wall tube details of small diameter 
with a thickness of up to 0.05-0.1 mm. The 
process is particularly effective when used 
to make thin-wall bodies working under 
pressure, precise ring, tube and cylinder 
billets for hydropneumatic equipment. 


Laser welding 

Laser welding is used to build highly reli- 
able complex constructions, to manufac- 
ture power panels out of the most up-to- 
date metals and alloys with minimum 
deformation, 

Automated laser technological com- 
plex operating at the enterprise includes a 
computer-controlled technological gas 
laser, a technological module and special- 
ized attachments. The gas laser rated 
power is 3 kW, maximum output is 5 kW. 
Mode of radiation — continuous and pulse. 
Maximum thickness of titanium alloys and 
steels to be welded is 4 mm, rate of move- 
ment — up to 4 m/min, positioning accura- 
cy - 0.1 mm. 


Fakel’s Missiles i j 


Hanecenwe 3aujMTHbIx M3HOCOCTOMKMX 
NOKPbITHH Ha AeTaNH M3 anloMMHHeBbIX 
cnnabop MeTOAOM MMKponyrosoro 
oKcMaMpoBaHna 

3roT MeTOA NpMMeHAeTCA ANA co3sqaHMA 
NOKpbITH Ha BHEWHMX M BHYTPeHHUX no- 
BEPXHOCTAX M060H CNOKHOCTH M KOHUry- 
paywn. OH nosBonser nonyyaTe Kepamuye- 
CKME NOKPbITHA C BEICOKOM H3HOCO- M TeN- 
NOCTOMKOCTb, C NOBbIWEHHOW Hapex- 
HOCTbIO NPOTMBOKOPPO3MOHHON 3alyMTbI, C 
NOBbIWEHHOM AMaNeKTpHYeCKON NpoHMYa- 
emocTbio, Tonia HaHOCMMOrO NOKpbITHA — 
5-300 MKM, MUKPoTBepAOCT NoKpbiTHA — 
0 2000 Krc/mm’, agresua — 0,8 npowHoctH 
OCHOBHOrO MaTepHana, M3HOCOCTOMKOCTE B 
8 pa3 sbile, 4em y cnnapa BK8, maKkcu- 
ManbHaa NOKpbiBaeMaA NOBEPXHOCTb feTa- 
ned npw 3arpy3Ke B BaHHy — 50 qm’. 


®aconHoe nutbe 

Vcnonbayetca ANA BbinonHeHHA OTNMBOK 
3 AMOMMHMeBbIX M MarHMeBbIX CnNaBOB B 
NecyaHble (POpMbl; THTAHOBbIX M CTANbHbIX 
OTNMBOK — B OGONOYKOBbIE chopMbi, H3r0- 
TOBNAEMbIE METOAOM BLINNABNAeEMbIX MOfe- 
nei. Yncrota noBepxHoctei, KayecTBO MW 
TOYHOCTb OTAMBOK COOTBETCTBYWT CylecT- 
ByIOWMM TpeGoBaHNAM MaWMHOCTpOeHMA M 
Apyrux orpacneii HapogHoro Xo3AiicTBa. 


= | Texnonorun Y MpOw3BOACTBO 


Application of wear-resistant protective 
coatings onto aluminum alloy details by 
microarc oxidation 

This method is used to make coatings on 
external and internal surfaces of any com- 
plexity and configuration. It makes it pos- 
sible to create ceramic coatings with high 
wear resistance and high heat stability, 
increased reliability of rust protection, 
and increased dielectric constant. 
Thickness of applied coating is 
5-300 1, microhardness of coating - up to 
2000 kg/mm’, adhesion — 0.8 related to 
main material, wear resistance is 8 times 
higher than that of the VK8 alloy, maxi- 
mum coated surface of details when 
charging a bath — 50 dm’. 


Shape casting 

It is used to cast aluminum and magne- 
sium alloys into sand moulds; titanium 
and steel alloys - into shell moulds made 
as investment moulds. Surface finish, 
quality and accuracy of castings comply 
with the present standards of the engi- 
neering industry and other branches of 
the national economy. 
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Pakete! “Makena” 


W3roTopnenue KOHCTpyKuni 

M3 NONMMepHbIX MaTepManos 

W3rorosnenme fetane 3 HeMeTannu4ec- 
KWX MaTepManos C NOMOL\b1O NpeccoBaHuA, 
AMTbA M ABTOKNABHOTO BaKyyMHOrO CopMn 
poBaHwA WHpoKO MCnonb3yetca 8 MKB 
“Maen”. Takum 06pa30m o6ecneynsaerca 
opmosanne oGvemHbix KpynHorabapur- 
HbIxX MeTane AMameTpOM pO 2 MM ANMHOA 
no 6 M npw Temnepatypax go +300°C u 
Aasnenun po 3 mMla. Ocywectenenve Tex. 
HonorM4ecKHx NpoyeccoB NO Bakyymy, 
AasneHnw W Temnepatype nonHocTbwW aB- 
TOMaTH3MpoBaHO. Vmewueeca Ha npen- 
NPWATHM aBTOKNABHOe, BaKyyMHOe M Npec- 
cosoe o6opyfosakue c ycunuem npecco- 
BaHwa oT 10 fo 4500 T no3BonAeT M3roTaB- 
AMBaTb NpakTM4eCKH MO6bie AeTANM M3 NW- 
6bix BMAOB NpecckomnNo3MUMA 


Making constructions 

out of polymeric materials 
Manufacturing details out of nonmetallic 
materials by means of moulding, casting 
and autoclave vacuum moulding is widely 
used in the Fakel Engineering Design 
Bureau. Thus, it is possible to ensure 
moulding of bulky large-size details with a 
diameter of up to 2 m and a length of up 
to 6 m under temperatures of up to 
+300°C and a pressure of up to 3 MPa. 
Execution of the technological processes 
as far as vacuum, pressure and tempera- 
ture are concerned, is fully automated. 
Fakel possesses autoclave, vacuum and 
moulding plants and equipment with a 
moulding force of 10 to 4,500 t that make 
it possible to produce practically any 
detail out of any moulding composition 
type. 


Fakel’s Missiles 


Kanengapb namatHbix pat MKB “®aken” 
20 Hon6pa 1953 roga o6pa30BaHo OcoGoe KonctpyktopcKkoe Gwpo N? 2 
(c 1967 roga MKB “®aken”) 


8 mapra 1955 roga cocrosnca nepebiii nepexeat camoneta-Gombapan- 
poBuMka ynpasnaemoii pakeroi PC-1Y 


26 anpena 1955 roga coctoanca nepsbiit nyck pakeTti 1) 
13 okta6pa 1957 roga cocrosnca nepsbii nyck npotrusopakeri B-1000 


7 Hon6pa 1957 roga so spema napaga Ha KpacHoii nnowagn B Mockse 
Bnepsbie npomemMoHctpmposana pakera 1/] 


11 ,eka6pa 1957 roga Ha BoopyxeHue npuuata pakera 1) 

25 anpena 1958 roga coctoanca nepebiit nyck pakerbi 4K90 

25 wiona 1958 roga npeanpuaTne HarpaxkgeHo OppeHom JleHnHa 

28 Hon6pa 1958 roa Ha BOopyKeHHe NPMHATa aBMaMOHHAA yNpaBnAeman 
pakera PC-2Y 


30 geka6pa 1958 roga npegnpuatue nocetuna rpynna pykosoguTeneh 
CTpaHbl Bo rnase c H.C. Xpywespim 4 JIM. BpekHesbim 


22 man 1959 roa Ha soopyxkeHue 6bin npuHaT KoMnnekc C-75 “flecHa” 
c paketon 13) 


7 oxta6pa 1959 roga 6 HeGe Hag Kutaem Gin COnT BbICOTHbI CamoneT- 
paspequnk P6-57) 


23 avBapa 1960 roga coctonnca nepebiit nyck pakerbi 17/) 


1. man 1960 roga oxono Caepgnoscka 6bin cout camoneT-pasBeqQ4nKk 
“Sloxxug” U-2 c nerunkom ®.1. Mayapcom 
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History of the Fakel Engineering Design Bureau 


November 20, 1953 — Special Design Bureau #2 (since 1967, the Fakel 
Engineering Design Bureau) was set up 


March 8, 1955 — First interception of a bomber by a RS-1U missile 


April 26, 1955 — First launch of the 1D missile 
October 13, 1957 — First launch of the V-1000 ABM missile 


November 7, 1957 — First demonstration of the 1D missile at the parade in the 
Red Square in Moscow 


December 11, 1957 — The 1D missile was adopted for service 
April 25, 1958 — First launch of the 4K90 missile 


July 25, 1958 - The Fakel Engineering Design Bureau was awarded the Order of 
Lenin 


November 28, 1958 - The RS-2U air-launched missile was adopted for service 
December 30, 1958 — The enterprise was visited by a group of the USSR 
political leaders headed by N. Khrushchev and L. Brezhnev 


May 22, 1959 - The S-75 Desna system fitted with the 13D missile was adopted 
for service 


October 7, 1959 — The RB-57D high-altitude spy aircraft was downed in the 
airspace of China 


January 23, 1960 — First launch of the 17D missile 


May 1, 1960 - The Lockheed U-2 spy aircraft piloted by F. Powers was downed 
in the Sverdlovsk area 


E - Fakel’s Missiles 


27 wna 1960 roga — coctoanca nepsbiii nyck pakerbi 5B21 


10 oxta6pa 1960 roga Ha BoopykeHHe NPAT aBMAaMOHHbIN KOMMNEKC 
nepexsata Cy-9-51 c paketamn PC-2YC 


4 mapta 1961 roa paketoii B-1000 snepatie 8 mupe Obina nopaxeHa 
ronosdaa YacTb 6annuctnyeckon PakeTbi AanbHero Aelicrena 


20 anpena 1961 roga Ha BoopyxxeHve npHHaT Komnnexc C-75M “Bonxos” c 
paxeton 20). 


21 monn 1961 roga Ha BOopyxkeHue npHHaT Komnnexc C-125 ¢ 
paketoi 5B24 


9 wiona 1961 roga Ha napape 8 TyWHHO Bnepsbie noKa3aHa pakera PC-2Y 


27 oxta6pa 1962 roga 8 Hee Hag Ky6oli cur camonet-pasBeqynk 
“Nloxxuy” U-2 


24 aprycta 1962 roga Ha BoopyxxeHue NpuHaT KopabenbHbi 3PK M-1 
“Bona” c paketon 4K90 


27 neka6pa 1963 roga coctoanca nepali nyck pakerb! 22/) 
29 man 1964 roga Ha BoopyxkeHue 6bina npuHaTa paketa 5B27 


7 Hoa6pa 1964 roga so spema napaga Ha KpacHol nnowaan 8 Mockse 
Bnepabie NpofemMOHCTpuposata npoTHBopakera 5B61 


27 mapta 1965 roga coctoanca nepsbili nyck paketbl 9M33 


24 wna 1965 roma 6 HeGe Haq BbeTHamom snepabie COnT KoMNNeKCOM C-75 
amepukaHcKnii CamoneT 


31 mona 1965 rona paketoii 22/] npn pabore paketHo-npAMoTO4HOn 
AevrarenbHOn ycTaHoBKH AOCTHMrHyTa CKOpocTb M=3.9 


1 wiona 1966 roa - rexepanbHbii KoHCTpykTop MKB “®aken” M1.f). pywmn 
w36paH geiicTeuTenbHbim YneHOM Akagemun HayK cccP 


Kanenaapb namatHbix jar MKB “@aken” 


July 27, 1960 — First launch of the 5V21 missile 


October 10, 1960 — The Su-9-51 aircraft interception system fitted with the 
RS-2US missiles was adopted for service 


March 4, 1961 — For the first time in the world, the V-1000 missile destroyed a 
long-range ballistic missile warhead 


April 20, 1961 - The S-75M Volkhov system fitted with the 20D missile was 
adopted for service. 


June 21, 1961 — The S-125 system fitted with the 5V24 missile was adopted 
for service 


July 9, 1961 — First demonstration of the RS-2U missile at the parade in Tushino 


October 27, 1962 - The Lockheed U-2 spy aircraft was downed in the airspace 
of Cuba 


August 24, 1962 - The ship-based M-1 Volna AD missile system fitted with the 
4K90 missile was adopted for service 


December 27, 1963 - First launch of the 22D missile 
May 29, 1964 - The 5V27 missile was adopted for service 


November 7, 1964 - First demonstration of the 5V61 ABM missile at the 
parade in the Red Square in Moscow 


March 27, 1965 - First launch of the 9M33 missile 


July 24, 1965 — The first American aircraft was downed by the S-75 system in 
the airspace of Vietnam 


July 31, 1965 - The 22D missile equipped with the direct-flow power plant 
achieved the flight speed of M=3.9 


July 1, 1966 - Pyotr D. Grushin, General Designer of the Fakel Engineering 
Design Bureau, was elected Full Member of the Academy of Sciences of the USSR 


History of the Fakel Engineering Design Bureau 


22 cbespana 1967 roga Ha soopy»keHne npnHata 3PC C-200 c pakerod 5B21, 
paspa6otaHHoi B MKB “®aken” 


4 mapta 1970 roga - nepseiii nyck pakerbi 5B55 


9 mua 1970 roga pakeroi 5B61 nonuroHHoro o6pa3ya Cuctembi MPO A-35 
B UITaTHOM pexkuMe 6bina nepexsayeHa Goeronoska GannucTH4ecKoH pakeTel 


30 wna 1970 roga b HeGe Hag Eruntom enepsbie cout Komnnekcom C-125 
w3paMnecKnih CamoneT 


4 oxta6pa 1971 roga Ha BOOpyxKeHHe NPHHAT CaMOXOAHbI KoMNNeKC “Oca” 
30 mapta 1978 roa — nepsbii nyck pakerbi 9M330 


3 man 1978 roga Ha BoopykeHue npuHat 3PK C-125M-1 c pakeroi 58279) 


30 Hon6pa 1979 roga ocywectsneH nepsbii KaranynbTHbIi CrapT paKeTbl 5B55 


20 anpena 1981 roga npeanpuatne HarpaxpeHo oppeHom OxtabpecKod 
Pesoniounn 


Anpenb 1981 roga - 8 He6e Hag JImsaHom enepabie cOut 3PK “Oca” 
w3pannbckHii CamoneT 


20 cbespana 1984 roga coctonnca nepabiit nyck 3YP 48H6 

19 mapra 1986 roga Ha soopyxkeHue npuHAT 3PK “Top” c pakerod 9M330 
20 mapta 1986 roa y noGepexba Juan 3PC C-200 c6uto tpv 
amepukaHcknx Camonera. 


25 cextaGpa 1991 roga revepanbubim KOHCTpyKTopom MKB “®aKen” 
Ha3Ha4eH Bnagumup [puropbesny Ceetnos 


27 Hon6pa 1991 roga coctosnoct nepsoe McnbiTaHue runep3BykOBOn 
Netawujed nabopatopun “Xonog”, cozqaHHon Ha 6a3e pakeTbi 5B28 


February 22, 1967 - The S-200 AD missile system fitted with the 5V21 missile 
designed by the Fakel Engineering Design Bureau was adopted for service 


March 4, 1970 - First launch of the 5V55 missile 


June 9, 1970 - The 5V61 missile, a test range sample of the A-35 ABM 
system, intercepted a ballistic missile warhead in a regular mode 


June 30, 1970 — The first Israeli aircraft was downed by the S-125 system in 
the airspace of Egypt 


October 4, 1971 — The Osa self-propelled system was adopted for service 
March 30, 1978 - First launch of the 9M330 missile 


May 3, 1978 - The S-125M-1 AD missile system fitted with the 5V27D missile 
was adopted for service 


November 30, 1979 - First self-eject launch of the 5V55 missile 


April 20, 1981 - The Fakel Engineering Design Bureau was awarded the Order 
of the October Revolution 


April 1981 — The first Israeli aircraft was downed by the Osa AD missile system 
in the airspace of Lebanon 


February 20, 1984 - First launch of the 48N6 AD missile 


March 19, 1986 - The Tor AD missile system fitted with the 9M330 missile was 
adopted for service 


March 20, 1986 - Three American aircraft were downed by the S-200 AD 
missile system close to the Libyan coast 


September 25, 1991 - Vladimir G. Svetlov was appointed General Designer of 
the Fakel Engineering Design Bureau 


November 27, 1991 - First test of the Kholod hypersonic flying laboratory 
created on the basis of the 5V28 missile 


Pakerb! MKB “@aken” — 


Fakel’s Missiles 


Asryct 1992 roa — Ha sbictaske “Mocaspowoy” snepstie noka3aHbl pakeTb! 
MKB “®aken” 


17 espana 1993 roga — Ha BeictasKe IDEX (A6y-{ja6u) 80 spema 
noka3aTenbHblx crpenb6 paketamu 48H6E (3PC C-300 MMY1) w pakeramu 
9M330 (3PK “Top”) 6tino cC6uTo HeCKONbKO BO3AYWHbIX MMWeHel 


23 peka6pa 1993 roga — npeanpuatuio npuceoeHo Mma akagemMKa 
Nerpa Amutpvesuya [pywuna 


17 dbespana 1995 roga Ha Boopy:keHue npuHata cuctema MPO MockoscKoro 
NpombiwneHHOrO paiona A-135, 8 CoCTaB KOTOPOM BXOAAT pakeTbI, CO3QaHHbIE 
8 MKB “®aken” 


10 aprycra 1995 roga 6 npoyecce ucnbitaHuii 3PC C-300!MY-2 “Dasoput” 
pakero 48H6E2 yHuuToxkeHa Goesan ronoBKa TaKTMYeCKON pakeTbI 


Mapr 1999 roga — va sbictaske IDEX (A6y-f\a6u) 6bina snepsbie noka3zaHa 
paxera 9M96E 


27 mapta 1999 roga 8 He6e Hag Wrocnasued 3PK C-125 cOut camoneT 
F-117A (“Crenc”) 


Asryct 1999 roa — Ha abictaske MAKC-99 snepabie noKa3aHa paketa 
5B27ME 


30 centa6pa 2002 roga npeanpuatue npeobpazosano 8 OTKpbiToe 
ak\MoHepHoe o6uecTBo 


KaneHaaps namataeix aar MKB “@axen” 


August, 1992 — First demonstration of the Fakel Engineering Design Bureau's 
missiles at the Moscow Aero Show 


February 17, 1993 — Several air targets were downed by the 48N6E 
(S-300PMU1 AD missile system) and 9M330 (Tor AD missile system) missiles 
during the demonstration launch at IDEX exhibition in Abu-Dhabi 


December 23, 1993 - The enterprise was named after Academician 
Pyotr D. Grushin 


February 17, 1995 - The A-135 ABM system of the Moscow industrial region 
fitted with missiles designed by the Fakel Engineering Design Bureau was 
adopted for service 


August 10, 1995 — The 48N6E2 missile destroyed a tactical missile warhead 
during the test of the S-300PMU-2 Favorit AD missile system 


March, 1999 — First demonstration of the 9M96E missile at IDEX exhibition in 
Abu-Dhabi 


March 27, 1999 - An F-117A Stealth aircraft was downed by the S-125 AD 
missile system in the airspace of Yugoslavia 


August, 1999 - First demonstration of the 5V27DE missile at MAKS-99 exhibi- 
tion in Moscow 


September 30, 2002 - The enterprise was reorganized into an open joint stock 
company 


History of the Fakel Engineering | Design Bureau EE 


Pegaktop: Tarbava Baparosa 
Tpacuka: Anexcangp Daxbirnn 
Ziw3aiin w sepcrka: Adaped WsaHos 


Edited by Tatyana Baratova 
Graphics: Alexander Fanygin 
Design and Layout: Andrei Ivanov 


